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® ( 57 ) Abstract: A tricistronic vector (i.e., a vector capable of expressing three exogenous genes, which are not fused together, un- 
der the control of one promoter) effectively can encode an immunoglobulin-presenting polypeptide and two immunoglobulin (Ig) 

Q polypeptides. The encoded Ig-presenting polypeptide is able to associate with at least one of the Ig polypeptides via co-expressed 
associating agents. A vector according to the present invention particularly is suited for phage display technology, e.g., when the 
Ig-presenting polypeptide is a phage coat protein and the Ig polypeptides associate to form a Fab. 



Novel Tricistronic Vectors and Uses Therefor 

This application claims priority to U.S. provisional application serial number 
60/399,150 filed July 30, 2002. The entirety of this application is hereby expressly 
5 incorporated by reference. 

Background of the Invention 

Field of the Invention 

The field of the invention relates generally to the expression of recombinant DNA. 
10 More particularly, the invention relates to novel vectors (and uses therefor) that can be used 
to express at least three exogenous genes under the control of a single promoter. 
Background 

A persistent problem associated with expression of multiple, individual recombinant 
polypeptides (i.e. polypeptides that are not fused to each other) via a vector in an expression 

1 5 system is obtaining satisfactory yields of each polypeptide. This is especially true, for 

example, when the goal is to express multiple proteins that associate with each other upon 
expression, where poor yield of one or more of the components will hamper or prevent 
association of the expressed proteins. 

The cloning, transformation and expression efficiencies of a vector typically are 

20 inversely related to its size, and therefore one common strategy for expressing multiple 
polypeptides in an expression system is to use multiple vectors instead of "overloading" a 
single vector. This approach has drawbacks, however. For instance, short of employing a 
selection protocol for each vector, there is no way to determine with certainty that a cell 
contains each vector. In addition, vector incompatibility can hinder obtaining suitable 

25 expression levels even where there is satisfactory vector uptake by the cells. 




A separate approach is to integrate each exogenous gene into a single construct, but 
under the control of multiple promoters within that construct. This strategy, too, is riddled 
with disadvantages. For example, obtaining suitable expression requires successful function 
of multiple promoters, which can be difficult to achieve. Accordingly, there is no way to 
5 determine with certainty that a cell contains sufficient levels of each recombinant 
polypeptide, short of employing a selection protocol for each gene expression product 
operatively linked to its respective promoter. Furthermore, utilizing one promoter per 
exogenous gene disadvantageously results in a relatively large vector. Placing all cistrons 
into a single vector under the control of a single promoter has not been a viable option in 

10 nearly all applications, since, e.g. 9 the further a cistron is positioned from its promoter, the 
less likely is the chance that acceptable expression yields will be obtained for that cistron. 

Certain tricistronic vectors are known in the art, however. For example, Burger et al, 
Appl Microbiol Biotechnol (1999) 52: 345-353 reported a tricistronic vector that encoded , 
in a 5-prime to 3-prime orientation, (i) a murine light chain Ig, (ii) a murine heavy chain Ig- 

1 5 TNFa fusion and (iii) puromycin acetyltransferase (pad) as a selective marker. Burger et al 
stated that the foregoing tricistronic vector was selected because "expression of the selective 
marker and product are strictly linked" (id. at 351, rt. col.). 

However, in Burger et al, the non-Ig polypeptide (le. 9 pac) functioned only as a 
selection vehicle and, hence, did not otherwise associate or otherwise interact with either the 

20 murine light chain Ig or heavy chain Ig-TNFa fusion. Accordingly, Burger et aL provides no 
suggestion that three "structural" polypeptide domains could be expressed in sufficient yields 
so as to associate or otherwise interact with each other after expression. In other words, the 
disclosure by Burger et al did not overcome the prejudice in the art against using a 
tricistronic vector to express three or more polypeptide domains that associate or otherwise 
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interact with each other subsequent to expression. It is apparent, therefore, that a vector that 
satisfies these and other drawbacks known in the art is greatly to be desired. The present 
invention provides such vectors, together with methods for their use . 

Summary of the Invention 
5 Accordingly, it is an object of the invention to provide enhanced expression vehicles 

for generating at least three polypeptide molecules that can interact with each other 
subsequent to expression. 

It is a further object of the invention to provide enhanced expression vehicles that are 
compatible with a variety of prokaryotic hosts. 
10 It is still a further object of the invention to provide methods of using the foregoing 

expression vehicles to discover new and improved therapeutics for treating disease. 

These and other objects are made possible with reference to the teachings contained 

herein. 

In one aspect, the invention provides a tricistronic vector construct that comprises a 
1 5 prokaryotic promoter, a first nucleic acid sequence encoding an immunoglobulin-presenting 
polypeptide, a second nucleic acid sequence encoding a first immunoglobulin (Ig) 
polypeptide, a third nucleic acid sequence encoding a second Ig polypeptide; a first 
associating agent fused to or comprised within said Ig-presenting polypeptide, and a second 
associating agent fused to or comprised within said first Ig polypeptide. The first, second and 
20 third nucleic acid sequences are under the control of said promoter and, upon expression of 
the tricistronic vector, the Ig-presenting polypeptide and the first Ig polypeptide associate via 
their respective associating agents and the first and second Ig polypeptides self-associate. 
The vector may optionally be a phagemid vector. 
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In one embodiment, the Ig-presenting polypeptide may be a phage coat protein, for 
example, a gin protein or a functional fragment of a gin protein. The gin functional 
fragment may contain an N-terminal domain of gHI. 

In another embodiment, the first and second Ig polypeptides self-associate to form a 
5 Fab or other functional Ig fragment, for example via a disulfide bond. The first and/or second 
associating agent may be a' cysteine residue. 

In still another embodiment, the first and second Ig polypeptides self-associate via 
non-covalent interactions. 

In other embodiments, the vector contains (i) a first secretory signal sequence in the 
10 same reading frame as the nucleic acid sequence encoding the first Ig polypeptide, and/or a 
second secretory signal sequence in the same reading frame as the nucleic acid sequence 
encoding the second Ig polypeptide, and/or a third secretory signal sequence in the same 
reading frame as the nucleic acid sequence encoding the Ig-presenting polypeptide. The first, 
second and third secretory signal sequences may be prokaryotic signal sequences. The vector 
1 5 may further contain a xibosome binding site positioned 5-primeward of any or all of the 

nucleic acid sequences encoding the second Ig polypeptide, the first Ig polypeptide and/or the 
Ig-presenting polypeptide. 

In still further embodiments, the associating agents become disassociated in solution 
upon the addition of a reducing agent. Alternatively, the second associating agent is fused to 
20 said first Ig polypeptide via a peptide linker. 

The following; text provides a more detailed, but non-limiting description of the 
present invention. 
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Brief Description of the Figures 
Figure 1 is a schematic depiction of principal components of an inventive tricistronic 
vector, i.e., a single promoter, an Ig-presenting polypeptide, and two Ig polypeptides. 
Abbreviations: Lac p/o lac promoter operator region; SS gpm signal sequence, gin phage gene ILL; 
5 RBS Ribosomal binding site; ompA outer membrane protein A signal sequence; phoA alkaline 
phosphatase signal sequence; L-His6 PGGSGH6 linker. 

Figure 2A is a vector map of an illustrative vector according to the present invention. 
Figure 2B provides the nucleic acid sequence for the vector described in Figure 2a. 
Figure 3 is a gel that represents a quantitative analysis (by anti-glUp Western blot) of 
10 the mean display rate of Fab on the surfaces of phage . 

Figure 4A is a gel that represents the display rate of a monocistronic scFv vector 
(pMORPH13) encoding scFvs from a VL-Xpool (conventional display). 

Figure 4B is a gel that represents the display rate of a monocistronic scFv vector 
(pMORPH13) encoding scFvs from a VL-/C pool (conventional display). - 
15 Figure 4C is a Vector map for pMorphl3 scFv Macl-5 

Figure 4D is the nucleic acid sequence for pMorphl3 scFv Macl-5 
Figure 5A is a gel that represents the display rate of a dicistronic scFv vector 
(pMORPH20) encoding scFvs from a VL-Xpool (display via Cys residues). 

Figure 5B is a gel that represents the display rate of a dicistronic scFv vector 
20 (pMORPH20) encoding scFvs from a VL-k pool (display via Cys residues). 
Figure 5C is a Vector map for pMorph20 Macl-5 
Figure 5D is the nucleic acid sequence for pMorph20 Macl-5 
Figure 6 A is a gel that represents the display rate of a dicistronic Fab vector 
<jpMORPH18) encoding a Fab of framework combination VH2 X-l; (conventional display). 
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Figure 6B is a gel that represents the display rate of a dicistronic Fab vector 

(pMORPH18) encoding a Fab of framework combination VH3 jc-1; (conventional display). 
Figure 6C is a Vector map of pMORPH®18-Fab Macl-5 
Figure 6D is the nucleic acid sequence for pMORPH^lS-Fab Mac 1-5 
5 Figure 7A is a gel that represents the display rate of a dicistronic Fab vector, using a 

two-vector system (pMORPHXIO & pBR_C _gIII) and encoding a Fab of framework 

combination VH3 k-1, respectively (display via Cys residues). 

Figure 7B is a gel that represents the display rate of a dicistronic Fab vector, using a 

two-vector system (pMORPHXIO & pBR_C _gIII) and encoding a Fab of framework 
1 0 combination VH2 k- 1 , respectively (display via Cys residues). 

Figure 7C is the vector map for pMORPHXIO Fab Macl-5 VL LHC VH FS 
Figure 7D is the nucleic acid sequence for pMORPHXIO Fab Macl-5 VL LHC VH 

FS 

Figure 7E is the vector map for pMORPHXIO Fab Macl-5 VL VH LHC 
1 5 Figure 7F is the nucleic acid sequence for pMORPHXIO Fab Macl-5 VL VH LHC 

Figure 7G is the vector map for pBR-C-gHI 

Figure 7H is the nucleic acid sequence for pBR-C-gHI 

Figure 8A is a gel that represents the display rate of a tricistronic Fab vector 
(pMORPH23) encoding a Fab pool (framework combinations VH3 k/X). 
20 Figure 8B is a gel that represents the display rate of a tricistronic Fab vector 

(pMORPH23) encoding a Fab pool (framework combinations VH3 k/X). 

Figure 9 is a bar graph comparing the functionality and the binding efficiency of Fab- 
presenting phage of (i) dicistronic Cys display vectors (2-vector system), (ii) tricistronic Cys 
display vectors, and (iii) dicistronic conventional display vectors in phage EIISA. 
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Detailed Description 

The present invention provides novel tricistronic vectors that are useful in multiple 
contexts. The inventors surprisingly found that tricistronic vectors may constructed to 
express three polypeptide molecules in a suitable yield under the control of a single promoter, 
5 with the additional feature that the expressed polypeptide domains can maintain function and 
interact with each other. Another surprising was the observation that all three polypeptides 
could be exported to the periplasm of a prokaryotic host following expression in the host's 
cytosol/cytoplasm, and that the expressed polypeptides could interact or otherwise associate 
in the periplasmic space. Vectors according to the present invention are suitable for use in a 
1 0 number of prokaryotic expression systems. 

A. Components of a Vector of the Invention 
The components of a tricistronic vector of the present invention include: (i) nucleic 
acid sequences encoding three polypeptide molecules (non-fused to each other) and (ii) a 
single promoter that controls expression of all threfe polypeptides. The polypeptide-encoding 
15 nucleic acid sequences encode, for example, (i) an immunoglobulin (Ig)-presenting 

polypeptide domain, (ii) a first Ig domain, and (iii) a second Ig domain. In addition, a vector 
of the invention preferably contains a ribosome binding site 5 '-ward of each of the foregoing 
polypeptide molecules, which can enhance expression levels. Upon expression, the two Ig 
domains associate to form a functional immunoglobulin fragment, which further associates 
20 with the Ig-presenting domain, thereby permitting, for example, display of the functional 
immunoglobulin fragment on the surface of a filamentous phage. 

A vector of the invention may optionally contain nucleic acid sequences encoding at 
least two associating agents, one of which can be fused to (or comprised within) the Ig- 
presenting polypeptide; and the other of which can be fused to (or comprised within) the first 



Ig polypeptide or second Ig polypeptide. Preferably, subsequent to expression of the vector, 
the Ig-presenting polypeptide and an Ig polypeptide interact with each other via their 
respective associating agents, and the two Ig polypeptides associate, e.g., by self-association, 
hydrogen bonding, van der Waals forces, or via an associating agent(s). The foregoing 
5 interaction and association interaction and association preferably occur in the periplasm of 
the prokaryotic host; however, the invention also contemplates association and interaction in 
the host's cytosol. 

a. Promoter: 

As used herein, a "promoter" for use in a tricistronic vector of the invention is a 
10 promoter that is capable of driving the expression of (i.e. that is functionally linked to) a 

nucleic acid construct that encodes at least three independent polypeptide molecules (e.g., an 
Ig-presenting domain and two Ig domains), where those polypeptides are not expressed as 
fusion proteins with each other. Suitable promoters for use in the invention include, but are 
not limited to, the lac/operon promoter, CMV promoter P ba d, Ptet, Para, Padhi, Pgal, Pef-i<x, 
1 5 Psv4o, EM-7 promoter, Ptefi, Prsv, Pubc- 

Prokaryotic promoters of the invention can be either constitutive or, more preferably, 
regulatable (i.e., inducible or derepressible). Further examples of suitable prokaryotic 
promoters include promoters capable of recognizing the T4 (Malik et aL, J. Biol. Chem. 
(1984) 263:1 174-1 181; Rosenberg et aL, Gene (1987) 59:191-200; Shinedling et aL, J- 
20 Molec. Biol. (1987) 195:471480; Hu et aL, Gene (1986) 42:21-30), T3, Sp6, and T7 

(Chamberlin et aL, Nature (1970) 228:227-231; Bailey et al., Proc. Natl Acad. Sci. (U.S.A.) 
(1983) 8024:2814-2818; Davanlook etal.,Proc. Natl. Acad. Sci. (U.S.A.) (1984) 81:2035- 
2039) polymerases; the P R and Pl promoters of bacteriophage lambda (The Bacteriophage 
Lambda, Hershey, A. D., Ed., Cold Spring Harbor Press, Cold Spring Harbor, N.Y. (1973); 
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Lambda II, Hendrix, R. W., Ed., Cold Spring Harbor Press, Cold Spring Harbor, N.Y. 
(1980)); the tip, recA, heat shock, and lacZ promoters of E. coli; the c*-amylase (Ulmanen et 
al. 9 J. Bacteriol (1985) 162:176-182) and the E28-specific promoters of B. subtilis (Gilman 
et aL y Gene (1984) 32:1 1-20); the promoters of the bacteriophages of Bacillus (Gryczan, T. 
J., In: The Molecular Biology Of The Bacilli, Academic Press, Inc., NY (1982)); 
Streptomyces promoters (Ward et al 9 Mol. Gen. Genet. (1986) 203:468-478); the int 
promoter of bacteriophage lambda; the bla promoter of the 0-lactamase gene of pBR322, and 
the CAT promoter of the chloramphenicol acetyl transferase gene of pBR325, etc. 
Prokaryotic promoters are reviewed by Glick, B. R. (/. Indust. Microbiol (1987) 1:277-282); 
Cenatiempo, Y. (Biochimie (1986) 68:505-516); Watson, J. D., (In: Molecular Biology of 
the Gene, 4th Ed., Benjamin/Cummings Publishing Co., Inc., Menlo Park, Calif. (1987)); 
Gottesman, S. (Ann. Rev. Genet. (1984) 18:415-442)). Other prokaryotic promoters that may 
be used include other E. coli promoters (Harley et aL 9 NucL Acid Res. (1987) 15:2343-2361), 
and Streptomyces promoters (Strohl, NucL Acid Res. (i992) 20:961-974) for use in 
Streptomyces species expression hosts. All of the foregoing references are incorporated by 
reference. 

b. Immunoglobulin-presenting polypeptide: 

An 6 4nmiunoglobulin-presenting" or "Ig-presenting" polypeptide or polypeptide 
domain, as used herein, is a (polypeptide or protein/polypeptide domain that can interact 
with at least one immunoglobulin polypeptide, such that the immunoglobulin(s) are able to 
specifically bind, or are involved in the process of specifically binding, an antigen. An Ig- 
presenting polypeptide preferably interacts with an Ig domain via an associating moiety that 
customarily is fused to (or contained within) the Ig-presenting domain. 



Suitable Ig-presenting domains include a phage coat (capsid) protein, for example a 
filamentous phage coat protein. A suitable phage coat protein can be, for example, gene HI 
protein (glllp), gene VI protein (gVTp), gene VII protein (gVHp), gene VHI protein (gVHIp), 
and gene IX protein (gDCp). A preferred phage coat protein is gDIp. A phage coat protein 
5 may be either a wild type or a modified protein. A "wild type phage coat protein" refers to 
any protein forming the phage coat of a naturally occurring bacteriophage. The sequences of 
the foregoing phage coat proteins (including the differences between the closely related 
members of the filamentous bacteriophages such as fl, fd, and Ml 3) are well known to those 
of skill in the art (see, e.g., Kay et aL 9 1 996). The skilled artisan will recognize that other Ig- 

10 presenting domains are suitable for use in the present invention. 

An Ig-presenting polypeptide of the invention also may be a truncated or modified 
variant of a phage coat protein (e.g. , the C-terminal domain of glllp). In this regard, a 
"truncated" or "modified" variant (or a functional fragment thereof) refers to any phage coat 
protein that has been modified by deleting, inserting and/or substituting at least part of the 

1 5 wild type sequences. Examples of such variants include truncated gene HI protein variants 
that have been found in bacteriophage mutants (see, for example, Crissman & Smith, 1984) 
or that have been generated for use in phage display methods (e.g. Bass et al. y 1990; Krebber, 
1996). 

The invention also contemplates the use of other Ig-presenting polypeptides. An Ig- 
20 presenting polypeptide also may be a green fluorescent protein (gfp), any protein of the cell 
surface or of the cell wall of bacterial cell, or any protein of a bacteriophage or virus coat, 
c. Immunoglobulin or "Ig" polypeptide or domain 
An "immunoglobulin" or "Ig" polypeptide or domain hereby is defined as a domain 
of the protein class IgG, IgM, IgE, IgA, and IgD (and any subclass thereof), and includes all 



conventionally known antibodies and functional fragments thereof. A "functional fragment" 
refers to a fragment of an immunoglobulin which retains the antigen-binding moiety of an 
immunoglobulin. A preferred class of immunoglobulins for use in the present invention is 
IgG. More specifically, an immunoglobulin domain of the invention can include the domain 
of (i) a F(ab')2, fragment, or (ii) a Fab fragment. The F(ab'>2, or Fab may be engineered to 
minimize the intermolecular disulphide interactions that occur between the Chi and Q, 
domains. An Ig polypeptide may have an amino acid sequence derived from that of an 
antibody isolated from nature or derived from a natural source, or may have a sequence that 
is designed in silico and encoded by a nucleic acid that is synthetically created. In silico 
design of an antibody sequence can be achieved, for example, by analyzing a database of 
sequences and devising a polypeptide sequence utilizing the data obtained therefrom. 
Methods for designing and obtaining such in siHco-cxeated sequences are described, for 
example, in U.S. Patent No. 6,300,064 to Knappik et ah, which hereby is incorporated by 
reference in its entirety. » 

A tricistronic vector of the invention preferably encodes two Ig polypeptides that 
interact with each other and form a functional (antigen-binding) molecule. Interaction 
between the two Ig polypeptides typically is mediated by residues that belong to each Ig 
polypeptide. To this end, the first and second polypeptide can comprise heavy and light 
chain regions of an antibody that associate via non-covalent interactions between 
corresponding heavy and light chain domains, such as between VH and VL in an Fv 
fragment, or between VH/VL and CH1/CL in a Fab fragment. Additionally, heavy and light 
chain regions of an antibody may associate by forming disulphide bonds between the two 
chains, such as is possible in a Fab fragment. The present invention specifically contemplates 
the interaction of two Ig polypeptides by mechanisms other than formation of one or more 
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inter-chain disulfide bonds , e.g., via a linker moiety that is non-covalently attached to at least 
one of the Ig domains, via hydrogen bonds, via van der Waals interactions, or via peptidic 
association domains fused to the Ig polypeptides, such as described in U.S. Patent No. - 
6,294,353 to Pack et al., which hereby is incorporated by reference. 
5 An "associating agent" for use in the present invention is defined as an agent that can 

bring about the interaction between expressed Ig-presenting and Ig polypeptides. An 
expressed associating agent of the invention is fused to, or comprised within, an Ig-presenting 
polypeptide and a complementary associating agent is fused to, or comprised within, an Ig 
polypeptide. The foregoing associating agents may be two different agents, or may be two 
10 identical or substantially identical agents. An associating agent according to the invention 
preferably contains a. cysteine residue that is available for the formation of an intermolecular 
disulphide linkage. 

Preferably, the associating agents are selected so that they do not interfere with the 
desired function of the fully associated protein complex. Typically, therefore, the associating 

1 S agents are suitable amino acid residues that are located outside the region(s) deemed to be 

responsible for a putative function of the (poly)peptide/protein of interest such as binding to a 
target. For example, a cysteine residue that is intended to form an inter-chain disulfide bond 
is positioned at, or in the vicinity of, either the N- or the C-terminus of a polypeptide. 
Other suitable associating agents include those which (i) can be fused to the C- 

20 terminal end of an Ig polypeptide (or within about 1 5 amino acid residues thereof) and (ii) 
can interact with an associating agent fused to or comprised within an Ig-presenting 
polypeptide. Likewise, suitable agents include any which (i) can be fused N-terminally to (or 
comprised within) an Ig-presenting polypeptide (e.g. 9 phage coat protein) and (ii) can interact 
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with an associating agent fused to or comprised within an Ig polypeptide. A specific example 
of a pair of associating agents in this regard is an avidin-biotin complex.. 

In the context of the present invention, a cysteine residue is "available for the 
formation of an intermolecular disulfide bond" if the residue is (i) located N-tenninal, C- 
5 terminal, or internal to a polypeptide and (ii) accessible for the formation of a disulfide bond 
with a second residue of the same or different kind. This includes cysteine residues that are 
buried, and thus not accessible in the "final" polypeptide molecule, but which are accessible 
in an intermediate compound formed in the course of expression, processing and/or transport 
in a host cell. 

10 In one embodiment, two associating agents may associate, or attach, by the formation 

of a disulfide bond between (i) at least one cysteine residue present in an Ig polypeptide and 
(ii) a second cysteine residue present within an Ig-presenting domain that is a wild type phage 
coat protein. In the case of filamentous bacteriophage fd, for example, wild type proteins 
contain the following cysteine residues: Cys7, Cys36, Cys46, Cys53, Cysl88, Cys201, 

15 Cys354, and Cys371 of protein HI; residue Cys84 of protein VI; residue Cys22 of protein 
VH; residue Cysl6 of protein IX. Any one or more of these residues may act as an 
associating agent. 

A tricistronic vector of the invention also may contain one or more ribosome binding 
sites. A ribosomal binding site (Shine-Dalgarno sequence) is a purine rich sequence that in 
20 on bacterial mRNA is located about ten nucleotides 5-primeward of the initiator codon for a 
particular polypeptide. A Shine-Dalgarno sequence is involved in the binding of the 
ribosome and the mediating of efficient translation of the respective gene. 

A tricistronic vector of the invention also may contain one or more nucleic acid 
sequences that encode a signal or secretory polypeptide. A "signal" or "secretory" 
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polypeptide hereby is defined as a polypeptide responsible for transporting another 
polypeptide from bacterial cytosol to bacterial periplasm. A signal or secretory polypeptide 
of the invention preferably is located N-terminal to the polypeptide to be transported to the 
periplasm. The use of one or more secretory polypeptides can be especially advantageous in 
5 the context of phage display technology, as described, infra, whereby the secretory 
polypeptide (i) is linked to a encoded polypeptide, and (ii) directs the corresponding 
polypeptide to the periplasmic space of its prokaryotic host cell. Secretory polypeptides 
include, for example, ompA and phoA, gene in signal sequence, st n, and pelB, each of 
which can be used in a prokaryotic expression system. Other nucleic acid sequences 

10 encoding secretory peptide sequences are well known in the art and may also be used in the 
present invention. In one aspect of the invention, a secretory nucleic acid sequence {e.g. , 
ompA) is linked to the nucleic acid sequence that encodes a first Ig domain, while a second 
secretory nucleic acid sequence (e.g. 9 phoA) is linked to the nucleic acid sequence that 
encodes a second Ig domain. A secretory nucleic acid sequence also can be linked to the 

15 nucleic acid sequence that encodes an Ig-presenting polypeptide. Alternatively, the secretory 
domain can be an inherent property of an Ig-presenting domain of the invention. 

A tricistronic vector of the invention also may contain one or more nucleic acid 
sequences that can encode a "polypeptide linker" that functions to link an associating agent to 
an Ig-presenting and/or an Ig domain* In this context, the linker can be viewed as a "spacer" 

20 between an associating agent and its respective polypeptide. This linker preferably contains 
about 1-50 amino acids, and preferably 5 to 15 amino acids. Typically, a linker consists of 
glycine-serine rich stretches, but can also contain other amino acid residues. The size can 
also be variable according to the purpose of the linker. 
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A tricistronic vector of the invention also can be constructed so as to contain one or 
more affinity tags (e.g., His6 tag) that is fused to one of the Ig domains, for example. An 
affinity tag can be used to purify or isolate a population of Ig molecules bearing this tag. 

A tricistronic vector of the invention also can be constructed so as to contain one or 
5 more restriction sites that facilitate cloning, sub-cloning, or other manipulation of the vector. 
For example, when a plurality of restriction sites are present, unique restriction sites can be 
engineered to flank a particular segment of the vector, thereby making the vector modular. 
The feature of modularity can be advantageous, e.g., for subsequent modification of the 
tricistronic vector at one or more discrete positions. According to this approach, a particular 

10 segment of the tricistronic vector can be excised and substituted with another desired 
segment, using convention technology. A library such as the HuCAL antibody library 
described in U.S. Patent No. 6,300,064 to Rnappik et aL, is particularly preferred for use in a 
vector of the present invention. 

An illustrative, non-limiting embodiment of a vector according to the invention 

1 5 (pMORPH23) is set forth in Figure 2 A. According to Figure 2 A, pMORPH23 contains a 
ColEI origin of replication, a functional origin for single stranded replication, and a 
chloramphenicol-resistance gene. The tricistronic operon is under the control of an inducible 
lac promoter/operator region. All functional modules are flanked by unique restriction sites. 
The first expression cassette contains the signal sequence of genem, and the engineered fall- 

20 length (mature) genelll sequence with an additional N-terminal cysteine residue. The second 
expression cassette, which is preceded by a ribosomal binding site (SD-Seq), encodes the 
light chain of an Ig and contains the bacterial signal sequence ompA followed by VL and CL. 
The third expression cassette, which is preceded by a ribosomal binding site (SD-Seq), 
contains a heavy chain Fd (VH1 + CHI) with an additional C-terminal cysteine. The 



bacterial signal sequence phoA is followed by VH1 and CHI, whereby a glycine/serine-rich 
linker and a His6-tag act as a spacer for the introduced cysteine to the Fd chain.. 

B. Constructing a Vector of the Invention 

Methods for constructing vectors comprising nucleic acid molecules are known in the 
art (see 9 e.g., Sambrook et al 9 1989; Ausubel et al 9 1994). A vector map of a representative 
vector of the invention (pMORPH23) is provided in Figure 2A, with its nucleic acid sequence 
provided in Figure 2B. 

C. Representative Uses of a Vector According to the Invention 

A tricistronic vector of the invention can be used, or can be modified to be used, in a 
variety of prokaryotic expression systems. A suitable host cell is any cell that permits 
expression and subsequent interaction of the three principal polypeptide domains {i.e., Ig- 
presentirig and two Ig domains). Methods for introducing vectors into appropriately chosen 
host cells, and causing or allowing the expression of polypeptides are known in the art (see, 
e.g., Sambrook et al 9 1989; Ausubel et aC 9 1994). 

A vector according to the invention, is particularly suited for expression in an E.coli 
host cell. In this regard, the vector can be in the form of a phagemid vector. A phagemid 
consists of elements of conventional plasmid vectors (e.g., marker gene, cloned genes, 
plasmid origin of replication) and of elements of filamentous phage (e.g. 9 gin, PS and phage 
on). A phagemid can be introduced into a host cell, and subsequently be cultivated and 
amplified therein like a plasmid. Phagemid vectors are well known in the art 

A phagemid does not encode all of the genes necessary to permit assembly of viral 
particles and requires "rescue" in a host cell with a helper phage. The helper phage provides 
the missing phage genes that permit assembly of the viral particles. It will be appreciated that 
use of a phagemid/helper phage system an result in production of particles that contain either 
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the helper phage genome or the phagemid. Methods of preferentially packaging the 
phagemid are well known in the art, for example by using a helper phage, such as Ml 3 K07 
that contains a functional, but defective, DNA origin of replication so that phagemid is 
preferentially packaged into phagemid particles. Methods for the introduction of genetic 
5 material required to produce progeny phage or phagemid particles in appropriate host cells, 
and for causing or allowing the generation of such particles are well known in the art (see, 
e.g. 9 Kay et al t eds. (1996) Phage display of peptides and proteins: a laboratory 
manual. Academic Press, Inc., San Diego). 

A vector of the invention can, accordingly, be use to carry out a method for producing 

10 a polypeptide or protein having a desired property. This method includes the steps of (i) 
providing a collection of bacteriophage particles that present on their surface a diverse 
collection of one or more Ig polypeptides as defined herein; and (ii) screening and/or 
selecting the diverse collection for at least one Ig domain having the desired property. Here, 
the term "desired property" refers to a property that (a) one of the polypeptides or proteins out 

15 of the diverse collection should have and (b) forms the basis for screening and/or selecting 
the diverse collection. A properly might be the ability to: bind a target, block a target, or 
activate a target-mediated reaction. A further property may be, for example, enzymatic 
activity, or any other properties known to those skilled in the art. Methods for identifying 
suitable experimental formats and for carrying out necessary steps for performing screening 

20 and/or selection are well known in the art 

A preferred property of an Ig polypeptide is specific binding to a target. The target 
can be presented to the diverse collection of bacteriophage particles in a variety of ways well 
known to one of ordinary skill, for example, by coating on surfaces for solid phase 
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biopanning, by linkage to particles such as magnetic beads for bioparming in solution, or by 
display on the surface of cells for whole cell biopanning. 

Bacteriophage particles that display (via an Ig-presenting domain) one or more Ig 
polypeptides (which are bound to a target) can be recovered by a variety of methods well 
5 known to one of ordinary skill. If the associating agents link the Ig-presenting polypeptide 
and Ig polypeptide via a disulfide bond, then the specifically bound Ig-target complexes can 
be treated under reducing conditions (e.g., incubation with DTT) to cleave the disulfide bonds 
and to recover the specific bacteriophage particles for further rounds of biopanning and/or for 
identification of the Ig polypeptide domains specifically binding to said target. 
10 Examples 

The present invention can be better understood with reference to the following 

examples, which are not intended to limit the scope of the invention as described above. 

Example 1: General protocol for quantitative analysis of display of antibody 
fragments on phage 

1 5 The protocol, which also applies to Examples 2-6, was performed according to 

Johansen, L. K. a/. (1995), Protein Engng. 8, 10, 1063-1067. Different dilutions of the 
same phage preparation were subjected to a protein gel. However, in Examples 3, 5 and 7, no 
reducing agents were added, due to the presence of cysteines as associating agents. The 
proteins of the protein gel were transferred to a membrane. gTTTp protein on the membrane 

20 was detected by anti-glHp antibody (Western blot). Then, one wild-type gene HI protein 

("wtglllp") band and one band of the antibody-glllp linkage, which have the same intensity 

were analysed. Given (i) the number of phages loaded, (ii) the molar ratio of both proteins, 

and (iii) the assumption of 5 wtgmp-proteins per phage, the mean number of antibody 

fragments displayed per phage could be calculated. Figure 1 provides expression data of a 

25 dicistronic Fab vector (pMORPH18) using conventional (i.e., ginp-fusion) display. The data 
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indicate a ratio of Fd-gHIct: wtglHp = 1.25xl0 8 phage:2xl0 7 phage. This correlates to the 
presentation of 1 Fd-gHIct per 6.25 wtgfflp; in other words, 1 Fd-glUct per 1.25 wtgHIp. 
Accordingly, the mean number of Fabs per phage in this experiment was 0.8. 

Abbreviations throughout: Fd = VH-CH1; Fd-ct = Fd-gHIct & VH-CHl-gEHct; g3p = 

5 glHp. 

Example 2: Display determination of monocistronic scFv vector, using conventional 
display 

A protocol as disclosed in Example 1 was carried out for performing a quantitative 
display analysis of a monocistronic scFv vector (pMORPH13), using conventional phage display. 

10 Figure 4A provides expression data of the (pMORPH13) vector from a VL-Xpool; and 

Figure 4B provides expression data of the (pMORPH13) vector from a VL-K pool. The data 
indicate a ratio of scFv-gHIct: wtgHIp = Ixl0 9 phage:6.7xl0 7 phage in Figure 4A, and a ratio 
of scFv-gHIct: wtgHIp = 5x1 0 8 phage: lxlO 7 phage in Figure 4B. Accordingly, the mean 
number of ScFv per phage in this experiment was approximately 0.3 and 0.1 ^respectively. 

1 5 Example 3: Display determination of a dicistronic scFv vector, using Cys display 
A protocol as disclosed in Example 1 was carried out (except with using reducing 
agents) for performing a quantitative display analysis of a dicistronic scFv vector 
(pMORPH20), using Cys display. Figure 5 A provides expression data of the pMORPH20 
vector from a VL-Xpool; and Figure 5B provides expression data of the pMORPH20 vector 

20 from a VL-k pool. The data indicate a ratio of scFv-SS-gIHct:wtgnip = Ixl0 10 phage:4xl0 7 
phage in Figure 5A, and a ratio of scFv-SS-gHIct:wtginp = 5xl0 9 ***phage:2xl0 7 phage in 
Figure 5B. Accordingly, the mean number of scFv per phage in this experiment was 
approximately 0.02 and 0.O2 respectively. 
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Example 4: Display determination of a dicistronic Fab vector, using conventional 
display 

A protocol as disclosed in Example 1 was carried out for performing a quantitative 

display analysis of a dicistronic Fab vector (pMORPH18), using conventional phage display. 

5 Figure 6 A provides expression data of the pMORPH18 vector (single Fab of framework 

combination VH2-X1); and Figure 6B provides expression data of the pMORPH18 vector 

(single Fab of framework combination VH3-K 1). The data indicate a ratio of Fd- 

glllct:wtgnip = I.xl0 9 phage:2xl0 7 phage in Figure 6A, and a ratio of Fd-gH[ct:wtginp = 

lxl 0 8 phage: lxlO 7 phage in Figure 6B. Accordingly, the mean number of Fabs per phage in 

10 this experiment was approximately 0.1 and 0.5, respectively. 

Example 5: Display determination of a dicistronic Fab two-vector system, using Cys 
display 

A protocol as disclosed in Example 1 was carried out (except with using reducing 
agents) for performing a quantitative display analysis of a dicistronic Fab vector in a two-vector 

1 5 system (pMORPHIO + pBR_C_gIII), using Cys display. Figure 7A provides expression data of 
the pMORPHIO vector system (single Fab of framework combination VH3-/cl); and Figure 
7B provides expression data of the pMORPHIO vector system (single Fab of framework 
combination VH2-X1). The data indicate a ratio of VL_CL-SS-gm:wtgIHp = lxlO 9 
phage:8xl0 6 phage in Figure 7A, and a ratio of VL_CL-SS-gm: wtglHp = 8xl0 9 phage:3xl6 7 

20 phage in Figure 7B. Accordingly, the mean number of Fabs per phage in this experiment was 
approximately 0.04 and 0.02, respectively. 

Example 6: Analysis of display rates and efficiency in phage ELISAs 

The following table summarizes approximate display rates obtained in Examples 1-5: 
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Table I 



System 


Vector(s) 


Approximate display 
rates (Ig per Phage) 


scFv conventional (monocistronic) 


PMORPH13 


0.1 -0.3 


scFv CysDisplay (dicistronic) 


PMORPH20 J 


0.02 


Fab conventional (dicistronic) 


jpMORPH18 


0.1-0.8 


Fab CysDisplay (dicistronic) 


pMORPHXIO + pBR C pTTT 


0.02 - 0.04 



From this table, two trends are understood. First, the display rates decrease as much 

as 2.5 to 40 fold when using CysDisplay in lieu of conventional display. Second, the display 

5 rates decrease as much as 5 to 15 fold when moving from a monocistronic conventional 

display vector to a dicistronic CysDisplay vector. Accordingly, CysDisplay phage generally 

showed reduced display rates in comparison to phage containing conventional genetic fusions 

of antibody fragments to glQ (or glllct fragment). Because it would be highly undesirable to 

work with display rates lower than 0.04 Fabs per phage, the use of a tricistronic Fab vector 

1 0 that additionally was engineered for CysDisplay was thought not to be possible, based on the 

' foregoing trends of decreased display rates. 

Example 7: Display determination of tricistronic Fab vector, using Cys display (single 
vector system) 

A protocol as disclosed in Example 1 was carried out (except with using reducing 
1 5 agents) for performing a quantitative display analysis of a tricistronic Fab vector (pMORPH23), 
using Cys display. Figure 8A provides expression data of the pMORPH23 vector from a VH3 
+ fc/Xpool; and Figure 8B provides expression data of the pMORPH23 vector from a VH3 + 
K/Xpool. The data indicate a ratio of Fd-SS-glllrwtglllp = 5xl0 10 phage:3xl0 9 phage in 
Figure 8A, and a ratio of Fd-SS-gIII:wtgmp = 5xl0 9 phage: 1x10 s phage in Figure 8B. 
20 Accordingly, the mean number of Fabs per phage in this experiment was approximately 0.3 
and 0.1, respectively. 
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As is shown in Table II below, the tricistronic Fab CysDisplay vector (pMORPH23) 
yield improved Fab display rates when compared to the dicistronic Fab CysDisplay system, 
which always needs a second vector providing the Cys-gin construct. When using a constant 
amount of phage in the foregoing examples, the signals obtained with the tricistronic system 
5 were higher than those obtained with the dicistronic system. This indicates an increased 
display rate with the tricistronic version, which was unexpected. 



Table n 



System 


Vector(s) 


Approximate display 
rates (Ig per Phage) 


scFv conventional 


PMORPH13 


0.1 - 0.3 


scFv CysDisplay 


PMORPH20 


0.02 


Fab conventional 


jpMORPH18 


0.1 - 0.8 


Fab CysDisplay dicistronic 


pMORPHXIO + pBR C gUI 


0.02 - 0.04 


Fab CysDisplay tricistronic 


PMORPH23 


0.05-03 



Example 8: Comparison of dicistronic and tricistronic Fab Cys Display vectors in 
10 phage ELISA 

Phage preparations (i) anti-Mac 1 I-domain, (ii) Fab Mac 1-5 and (iii) Macl_A8 were 
expressed from the dicistronic CysDisplay vector (pMORPHXl O + pBR_CjgEI; two-vector- 
system), the tricistronic CysDisplay vector (pMORPH23) and the dicistronic, conventional 
Fab vector (pMORPH18) and displayed on phage. The phage were concentrated and the titer 

15 of the phage preparations was determined. 

Maxisorp wells of a microtiter plate were coated with 100 (il Macl I-domain protein 
per well (concentration of the antigen solution in PBS: 50 ng/ml) overnight at 4°C. The 
antigen solution was removed and the coated wells were washed with PBS. Next, the 
antigen-coated wells were blocked with 300 \il 5% MPBST for 1 hour at room temperature. 

20 At the same time, an aliquot of each phage preparation (100 jxl per well; 7.5E+9 phages) 1 : 1 
was mixed with 10% MPBST (incl. 0.1% Tween20). The phage were incubated for 1 hour at 



room temperature. The coated wells were washed 3x with PBS. Then, 200 p.1 of pre-blocked 
phage solution was transferred into each coated well, and incubated for 1 hour at room 
temperature. Then, the phage were removed from the wells, and non-bound phage were 
washed off using PBST and PBS. Next, 100 jil anti-M13-HRP conjugate (1:5000) in 5% 
5 MPBST (incl. 0.05% Tween20) was added and incubated for one hour at room temperature. 
Another PBST and PBS wash was performed, and 100 jil POD-Substrate was added. A . 
measurement at 370 nm was taken after several minutes in order to quantify the amount of 
anti-Mac 1 phage attached to the antigen in the wells. 

Figure 9 is a bar graph that compares functionality and binding efficiency (functional 

10 Fab display) between dicistronic and tricistronic Fab Cys Display vectors in phage ELISA. 
The improved binding efficiency of the phage resulting from the tricistronic CysDisplay 
vector versus the dicistronic CysDisplay vector confirms the data of the increased display 
rates. Bars 1 and 2 represent independent experiments of the same construct The first two 
bars for each group represent experiments performed with Fab molecule Macl-5; the last twx> 

1 5 bars for each group represent experiments performed with Fab molecule Macl_A8). 

Example 9: Successful Antibody Library Screening using a tricistronic vector system 
in Cys Display 

Wells of MaxiSorp™microtiter plates (NUNC) were coated with 15 jig per antigen 
(ICAM-1 protein, rabbit myosin, FITC-BSA, estradiol-BSA) dissolved in PBS. Using a 
20 tricistronic vector as described in Examples 2A and 2B in conjunction with proprietary 
MorphoSys phage display and selection techniques, the results provided in Table m were 
obtained upon screening a MorphoSys HuCAL® Library. 
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Table III 



Antigen 


Elution 


% primary hits 
2 nd round 


% primary hits 
3 ri round 


No. of consolidated, 
specific antibodies 


ICAM-1 protein 


DTT 


0% 


17% 


1 


ICAM-1 protein 


glycine + TGI 


0% 


60% 


3 


myosin 


DTT 


1% 


29% 


4 


myosin 


glycine + TGI 


' 14% 


19% 


1 


FTTC-BSA 


DTT 


82% 


100% 


6 


FTTC-BSA 


qlycine + TGI 


92% 


87% 


6 


estradiol-BSA 


DTT 


75% 


67% 


6 


estradiol-BSA 


glycine + TGI 


59% 


67% 


3 



The foregoing data confirm that tricistronic vectors of the invention are effective 
5 vehicles for expressing, at a minimum, three functional polypeptide molecules. 



Example 10: Construction of pMORPH23 Vector 

The vector pMORPH23 described here is a derivative of the pCAL vector series 

(WO 97/08320; Knappik et aL 9 2000), which is a modified version of the dicistronic 
10 expression vector pMORPH20 (example 3). A vector map for pMORPH20 is provided in 

Figure 5C and the related nucleic acid sequence is provided in Figure 5D. 

The dicistronic expression vector pMORPH20 was digested with restriction enzymes 

Stu/ and Msg/, to remove the scFv-expression module. The resulting blunt end cut vector 

was religated after agarose gel purification and transformed into competent E.coli cells. The 
1 5 intermediate vector product was further modified by replacing the ompA signal sequence 

(Xba/ and EcoRV digest) by a oligonucleotide cassette preformed by annealing primer pairs 

A and B coding for the gpIII signal sequence and introducing a 5' AccI restriction site and a 

3' blunt end. 
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Primer A: 



ctagtatacg agggcaaaaa atgaaaaaac 



tgctgttcgc 



gattccgctg gtggtgccgt tctatagcca 



tagcgactac tgcgac 



Primer B: 



gtcgcagtag tcgctatggc tatagaacgg 



caccaccagc 



ggaatcgcga acagcagttt tttcattttt 



tgccctcgta ta 



To obtain the final pMORPH23 library cloning vector, an AflH-Xbal-Bla-EcoRI 
staffer cassette was introduced by ligation. The stuffer fragment allows efficient cloning of 
1 0 HuCAL Fab fragments by Xbal and EcoRI. An example for tricistronic pMORPH23- 
HuCALFab vector is shown in Figure 2 A and 2B. All three modules in pMORPH23 are 
transcribed as one unit from the lac p/o region. 
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Claims 

What is claimed is: 

1 . A tricistronic vector construct comprising: 
a prokaryotic promoter; 

a first nucleic acid sequence encoding an immunoglobulin-presenting 

polypeptide; 

a second nucleic acid sequence encoding a first immunoglobulin (Ig) 

polypeptide; . 

a third nucleic acid sequence encoding a second Ig polypeptide; 
a first associating agent fused to or comprised within said Ig-presenting 
polypeptide; and 

a second associating agent fused to or comprised within said first Ig 

polypeptide, 

wherein said first, second and third nucleic acid sequences are under the control of 
said promoter, and wherein upon expression of said tricistronic vector, (i) said Ig-presenting 
polypeptide and said first Ig polypeptide associate via their respective associating agents and 
(ii) said first and second Ig polypeptides self-associate. 

2. The tricistronic vector construct according to claim 1, wherein said Ig- 
presenting polypeptide is a phage coat protein. 

3. The tricistronic vector construct according to claim 2, wherein said first and 
second Ig polypeptides self-associate to form a Fab or other functional Ig fragment. 
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4. The tricistronic vector construct according to claim 3, wherein said phage coat 
protein is a glQ protein or a functional fragment thereof. 

5. The tricistronic vector construct according to claim 4, wherein said gjn 
functional fragment comprises an N-terminal domain of glQ. 

6. The tricistronic vector construct according to claim 2, wherein said first and 
second associating agents associate with each other via a disulfide bond. 

7. The tricistronic vector construct according to claim 6, wherein the first or 
second associating agent is a cysteine residue. 

8. The tricistronic vector construct according to claim 7, wherein the first and 
second associating agents are each a cysteine residue. 

9. The tricistronic vector construct according to claim 1 , wherein the first and 
second Ig polypeptides self-associate via nonrcovalent interactions. 

1 0. The tricistronic vector construct according to claim 1 , further comprising a 
first secretory signal sequence in the same reading frame as the nucleic acid sequence 
encoding the first Ig polypeptide. 
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1 1 . The tricistronic vector construct according to claim 1 0, further comprising a 
second secretory signal sequence in the same reading frame as the nucleic acid sequence 
encoding the second Ig polypeptide. 

12. The tricistronic vector construct according to claim 1 1, further comprising a 
third secretory signal sequence in the same reading frame as the nucleic acid sequence 
encoding the Ig-presenting polypeptide. 

13. The tricistronic vector construct according to claim 2, wherein said vector is a 
phagemid vector. 

14. The tricistronic vector construct according to claim 1, wherein the associating 
agents become disassociated in solution upon the addition of a reducing agent. 

15. The tricistronic vector construct according to claim 1, wherein said second 
associating agent is fused to said first Ig polypeptide via a peptide linker. 

16. The tricistronic vector construct according to claim 12, wherein said first, 
second and secretory signal sequences are prokaryotic signal sequences. 

17. The tricistronic vector construct according to claim 1, further comprising a 
ribosome binding site positioned 5-primeward of the nucleic acid sequence encoding the 
second Ig polypeptide. 
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1 8. The tricistronic vector construct according to claim 17, further comprising a 
ribosome binding site positioned 5-primeward of the nucleic acid sequence encoding the first 
Ig polypeptide. 

1 9. The tricistronic vector construct according to claim 1 8, further comprising a 
ribosome binding site positioned 5-primeward of the nucleic acid sequence encoding the Ig- 
presenting polypeptide. 
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Figure 1: 




Figure 2 A: Vector map pMorph23 anti-EsB Fab 



Figure 2 B DNA sequence of pMorph23 anti-EsB Fab 

Xbal HuCAL Primer tf3 1 00.0% EcoRV 



1 CTAGATAACG A05GCAAAAA ATGA A A A A G A CAGCTATCGC GATTGCAQTG GCACTGGCTG G7TCGCTAC CGTAGCGCAGGCCGATATCG TGCTGACCCA 
GATCTATTCCTCCC G 1 1 1 J I TA CTTTTT CT GTCGATAGCG CTAACGTCAC CGTGACCCAC CAAAGCGATG GCATCGCGTC CGGCTATAGC ACGACTGGGT 
101 GAGCCOGGCG ACOCTGAGCC TGTCTCCCGG CGAACGTGCG ACCCTOAGCT GCAGAGOGAG CCA GTCTGTTTCTCGTTCTT ATCTGGCTTG GTACCAGCAG 

CTCGGGCCOC TGGGACTCGG ACAGAGGCCC GCTTGCACGC TGGGACTCGA CGTCTCOCTC GGTCAGACAA ACAGCAAGAA TAGACCGAAC CATGGTCGTC 
201 AAACCAGGTC AAGCACCGCG TCTATTAATT TATGGTGCTT CTCGTCGTGC AACTGGGGfC CCG GCGCGTT TTAGCGGCTC TGGATCCGGC ACGGATTTTA 
TTTGGTCCAG TTCGTGGCGC AGATAATTM ATA CCA CG AA GAGCAQCACG TTGACCCCAG GGCCGCGCAA AATCGCCGAG ACCTAGGCCG TGCCTAAAAT 
Bbsl Mscl 



301 CCCTGACCAT TAGCAGCCTG GA/CCTGAAG ACTTTGCGAC TTATTATTGC CAGCAGCGTG GTA ATTATTC TATTACCTTT GGCCAGGGTA CGAA/GTTGA 
GGGACTGGTA ATCGTCGGAC CTTOGACTTC TG AAA CGCTG AATAATAACGGTCGTCGCAC CATTAATAAG ATA ATGG AAA CCGGTCCCAT GCTTTCAACT 
BsiW] 



401 AATTAAACGT ACGGTGGCTG CTCCGAGCGT GTTTATTTTT CCGCCGAGCG ATGAACAACT GAAAAGCGGC ACGGCGAGCG TGGTGTGCCT GCTGAACAAC 
TTAATTTGCA TGCCACCGAC GAGGCTCGCA CAMTAA AAA GGCG3CTCGC TACTTGTTGA CTTTTCGCCG TGCCGCTOGC ACCACACGGA COACTTGTTO 

501 TTTTATCCGC GTGAAGCGAA AGTTCAGTOB AAAGTAGACA ACGCGCTGCA AAGCGGCAAC AGCCAGGAAA GCGTGACCGA ACAGGATAGC AA ACATAGCA 
A A AATAG GCG CACTTCGCTTTCAAGTCACC TTTCATCTGT TGCOCGACGT TTCGCCGTTG TCGGTCCTTT CGCACTGGCT TCTCCTATCG TTTCTATCGT 

601 CCTATTCTCT GAGCAGCACC CTGACCCTGA GCAAAGCGGA TTATGAAAAACATAAAGTGT ATGCGTGCGA AGTGACCCAT CAAGGTCTGA GCAGCCCGGT 
GGATAAGAGA CTCGTCGTGG GACTGGGXCT CGTTTCGCCT AATACTTTTT GTATTTCACA TACGCACCCT TCACTGGGTA GTTCCAGACT CGTCGGGCCA 

HuCAL for 100.0% 



Soil SphI Sapl 



HuCAL Primer #1 100.0% 

701 GACTAAATCT 7TTAATCGTG GCGAGGCCIG ATAAGCATGC GTAGGAGAA.A ATA A A ATG A A ACAAAGCACT ATTGCACTGG CACTCTTACC GTTGCTCTTC 
CTGATTTAGA AAATTAGCAC CGCTCCGGACT ATTCGTACG CATCCTCTTT TATTTTACTT TGTTTCGTGA TAACGTCACC GTGACAATGG CAACGAGAA G 
HuCAL for 100.0% Mfel 



801 ACCCCTGTTA CCAAAGCCCA GGTGCMTTG GTGG A A A GCG GCGGCCGCCT GGTGCAACCGGGCGGCA GCC TGCGTCTGAG CTGCOCGGCC TCCGGATTTA 
TGGGGACAAT GGTTTCGGGT CCACGTTAAC CACCTTTCGC CGCCGCCGGA CCACGTTGGC CCGCGGTCGG ACGCAGACTC GACGCGCCGG AGGCCTAAAT 

901 CCTTTTCTTC TTATGGTGGT AATTGGGTGC GCCAAGCGCC TGGGAAGGGT CTCGAGTGGG TGAOZGGTAT CCATTATTCT GGTAGCTCTA CCTATTATGC 

GGAAAAGAAG AATACCACCA TTAACCCACG CGGTTCGGGG ACCCTTCCCA OAGCTCACCC ACTCGCCATA GGTAATAAGA CCATCGAGAT GGATA ATACG 

1 001 GGATA GCGTG AAAGGCCGTT TTACCATUC ACGTGATAAT TCGAAAA ACA CCCTGTATCT GCAAATGAjC AGCCTGCGTG CGGAAGATAC G0CCGTGTAT 
CCTATCGCAC TTTCCGGCAA AATGGTAAAG TGCACTATTA AGCTTTTTGT GGGACATAGA CGTTTACTTG TCGGACGCAC GCCTTCTATG CCGGCACATA 

Sal] 



BssHB Sapl Styl Blpl 



TATTGCGCGC GTGCTCTTCA TAAGTGGGCT GGTTGGGGTTTTGATCATTG GGGCCAAGGC ACCCTGGTGA CGGTT AG CTC AGCGTCGACC AAAGGTCCAA 
ATAACGCGCGCACGAGAAGT ATTCACCCGA CCAACCCCAA AACTAGTAAC C0CGGTTCCG TGGGACCACT GCCAATCGAG TCGCAGCTGG TTTCCAGGTT 
GCGTGTTTCC GCTGGCTCCG A GCAGCAA A A GCACG\GCGG CGGCACGGCT GCCCTGGGCT GCCTGGTTAA AGATJATTTC CCGG A A CCA G TCACCDTGAG 
CGCACAAAGG CGACCG AGGC TCGTCGTTTT CGTGGTCGCC GCCGTGCCGA CGGOLCCCGA CGGACCAATT TCTAATAAAG GGCCTTGGTC AGTGGCACTC 
CTGGAACAGC GGGGCCCTGA CCAGCGGCGT GCATACCTTT CCGGCGGTGC TGCAAAGCAG CGGCCTGTAT AGCCTGAGCA GCGTTGTGAC CGTGCCGACC 
GACCTTGTCG CCCG3CGACT GGTCGCCGCA CGTATGGA A A GGCCGCCACG ACGTTTCGTC GCCGGACATA TCGGACTCGT CCCAACACTG CCACGGCTCG 

EooRJ 



AGCAGCTTAG GC/CTCAGAC CTATATTTGC AACGTGAACC ATAAACCGAG CAACACCAAA GTGGATAAAA AAGTGGAACC GAAAAGCGAA TTCCCAGGGG 
TCGTCGAATC CGTGAGTCTG GATATAAACG TTGCACTTGG TATTTGG CTC GTTGTGGTTT CACCTATTTT TTCACCTTGG CTTTTCGCTT AAGGGTCCCC 
BssHD 



HuCAL rev 1 00.0% 

1501 GGAGCGGAGG CGCGCCGCAC CATCATCACC ATCACTGCTG ATAAGCTTGA CCTGTGAAGT GAAAAATGGC GCAGATTGTG CGACATTUT TTTGTCTGCC 

CCTCGCCTCC GCGCGGCGTG GTA GTA GTGG TAGTGACGAC TATTCGAACT GGACACTTCA CTTTTTACCG CGTCTAACAC GCTGTMAAA AAACAGACGG 
1 601 GTTTAATG A A ATTGTAAACG TTAATATTTT GTTAAAATTC GCGTTAAATT TTTGTTAAAT CAGCTCATTT TTTAACCAAT AGGCCGAAAT CGGCAAAATC 

CAAATTACTTTAACATTTGC AATTATAAAA CAATTTTAAG CGCAATTTAA AAACAATTTA GTCGAGTAAA AAATTGGTTA TCCGGCTTTA CCCGTTTTAG 
1 701 CCTTATAAAT CA AAAGMTA GACCG AGATAGGGTTGAGTG TTGTTCCAGT TTGGA ACAAG AGTCCACTAT TAAAG AACGT GGACTCCAAC GTCAAAGGGC 

GGAATATTTA GTTTTCTTAT CTGGCTCTATCCCAACTCAC AACAAGGTCA AACCTTGTTC TCAGGTGATA ATTTCTTGCA CCTGAGGTTG CAGTTTCCCG 
1 801 GAAAAACCGT CTATCAGGGC GATGGCOCAC TACGAGAACC ATCACCCTAA TCAAGTTTTI TGGGGTCGAG GTGCCGTAAA GCATTAAATC GGAACCCTAA 

CTTTTTGGCA GATAGTCCCG CTACCGGGTG A TGCTCTTG GTA GTGGG A TT AGTTCAAAAA ACCCCAGaC CACGGCATTT CGTGATTTAG CCTTGGGATT 
1901 AGGGAGCCCC CGATTTAGAG CTTGACGGGGAAAGCCGGCG AACGTGGCGA GAAAGGAAGG GAAGAAAGCG AAAGGAGCGG GCGCTAGGCC GCTGGCAAGT 

TCCCTCGGGG GCTAAATCTC GAACTGCCCC TTTCGGCCGC TTGCACOSCT CTTTCCTTCC CTTCTTTCGC TTTCCTCGCC CG03ATCCCG CGAGCGTTCA 
Nhd 



2001 GTAGCGGTCA CGCTGCCCGT AACCACCACA CCCGCCGCGC TTAATGCGCC GCTACAGGGC GCGTGCTAGC CATGTG A G C AA A GGCCAGC A AAAGGCCAG 

CATCGCCAGT GCGACGCGCA TTGGTGGTGT GGGCGGCGCGAATTACGCGG CGATGTCCCG CGOVCGATCG GTAOCTCGT TTTCCGGTCG TTTTCCGGTC 
2101 GAACCGTAAA AAGGCCGCGT TGCTGGCGTT TTTCCATAGG CTCCGCCCCCCTGACGAGCA TCACAAAAAT CGACGCTCAA GTCAGAGGTG GCGAAACCCG 

CTTGGCAl 1 1 J 1 C CGGCGCAACGACCGCAA AAAGGTATCC GAGGCGG3GG GACTGCTCGT AGTGTTTTTA GCTGCGAGTT CAGTCTCCAC CGCTTTGGGC 
2201 ACAGGACTAT AAAGATACCA GGCGTTTCCC CCTGGAA GCT CCGXOTGCO CTCTCCTGTT CCGACCCTGC CGCTTACCGG ATACCTGTCC GCCTTTCTCC 

TGTCCTGATA TTTCTATCGT CCGCAAAGBG GGACCTTCGA GGCAGCACGC G AG AG G ACA A GGCTGGGACG GCGAATGGCC TATGGACAGG CGGAAAGAGO 
2301 CTTCGGGAAG CGTGGCGCTT TCTCATAGCT C A CGCTGTA G GTATOCAGT TCGGTGTAGG TCGTTCGCTC CAAGCTGG3C TGTGTGCACG AACCCCCCGT 

GAAGCCCTTC GCACCGCGAA AG AGTATCGA GTGCGACATC CATAGAGTCA AGCCAGVTCC AGCAAGCGAG GTTCGACCCG ACACACGTGC TTGGGGGGCA 
2401 TCAGTCCGAC CGCTGCCCCT TATCCGGTAA CTATCGTCTT GAGTCCAACC CDGTAAGACA CGACTTATCG CCACTGGCAG CAGCCACTGG TAACAGOATT 

AGTCAGGCTG GCCACGOGGA ATAGGCCATT GATAGCAGAA CTCAGGTTGG GCCATTCTGT GCTGAATAGC GGTGACCGTC GTCG3TGACC ATTGTCCTAA 
2501 AGCAGAGCGA GGTATGTAGGCGGTGCTACA GAGTTCTTGA AGTGGTGGCC TAACTACGGC TACACTA GAA GAACAGTATT TGGTATCTGC GCTCTGCTGT 

TCGTCTCGCT CCATA CATCC GCCACGATGT CTCAAGAACT TCACCACCGG ATTGATGCCG ATGTGATCT CTTGTCATAA ACCATAGACG COAGACGACA 
2601 AGCCAGTTAC CTTCGGAAAA AGAGTTGGTA GCTCTTGATC CGGCAAA CAAACCA CCGCTO GTA GCG GTGG 1TTTTTTGT1 TGCAAGCAGC ACATTACGCG 

TCGGTCAATG GAACCCTTTT TCTCAACCAT CGAGA ACTAG GCCGTTTGTr TGGTGGCGAC CATCGCCACC AAAAAAACAA ACGTTCGTCO TCTAATGCGC 

BgOl 

2701 CAGAAAAAAA GGATCTCAAG AAGATCCTTT GATCTTTTCT ACGG GGTCTG ACGCTCAGTO GA/CGAAAAC TCACGTTAAG GG\TTTTGGTCAGATCTAGC 

GTCTTTTTTT CCTAGAGTTC TTCTAGGAAA CTAGAAAAGA TGCCCCAGAC TGCGAGTCAC CTTGCTTTTG AGrGCAATTC CCTAAAACCA GTCTAGATCG 
2801 ACCAGGOGTT TAAGGGCACC AATAACTGCC TTAAAAAAT TACGCCCCGC CCTGCCACTC ATCGCAGTAC TGTTGTAATT CATTAAGCAT TCTGCCGACA 

TGGTCCGCAA ATTCCCGTGG TTA7JGACGG AATTTTTTTA ATGCGGGGCG GGACGGTGAO TAGCCTCATG ACAACATTAA GTAATTCGTA AGACGGCTGT 
2901 TGGAAGCCAT CACAAACGGC ATGATGAACC TG AATCG CCA GCGGCATCAGCACCTTGTCG CCTTGCGTAT AATATTTGCC CATAGTGAAA ACGGGGGCGA 

ACCTTCGGTA GTGTTTGCCG TACTACTTGG ACTTAGCGGT CCCCGTAGTC GTGGAACAGC GGVACGCATA TTATAAACGG GTATGvCl 1 f 1 GCCCCCGCT 
3001 AGAAGTTGTC CATATTGGCT ACGTTTAAAT CAAAACTGGT GAAACTCACC CAGGGATTGG CTGAGACGAA AAACATATTC TCAATAAACC CTTTAG GGAA 

TCTTCAACAG GTATAACCGA TGCAAATTTA GTTTTGACCA CTTTGAGTGG GTCCCTAACC GACTCTG C 1 1 1 H GTATAAG AGTTATTTGG GAAATCCCTT 
3101 ATAGGCCAG3 TTTTCACCGT AACACGCCAC ATCTTGCGAA TATATGTGTA G AAA CTGCCG GAAATCGTCG TGOTATTCAC TCCAGAGCGA TGAAAACGTT 

TATCCGGTCC AAAAGTGGCA TTGTGCGGTG TAGAACGCTT ATATACACAT CTTTGACGGC CTTTAGCAGC ACCATAAGTO AGGTCXGCT ACTTTTGCAA 



3201 TCAGTTTCCTCATGGAAAAC GGTGTAACAA GGGTGAACAC TATCCCATAT CACCA GCTCA CCCTCTTTCA TTOCCAT ACG GA ACTCCGGG TGAGCATTCA 
AGTCAAACGA GTACCTTTTG CCACATTGTT CCCACTTGTG ATAGGGTATA GTGGTCGAGT G GCAG AAAGT AACGGTATGC CTTGAGGCCC ACTCGTAAGT 

3301 TCAGGCGGCC AAGAATGTGA ATAAAGGCCG GATAAAACTT GTGCTTATTT TTCTTTACGC TCTTTAAAAA GGCCGTAATATCCAGCTGAA CGGTCTGGTT 
AGTCCGCOCG TTCTTACACT TATTTCCGGC CTATTTTGAA CACGAATAAAAAGA AATGCC AGAAATTTTT CCGGCATTAT AGGTCGACTT GCCACACCM 

3401 ATAGGTACAT TGAGCAACTG ACTGAAATGC CTCAAAATGT TCTTTACGAT GCCATTGGGA TATATCAACG GTGGTATATC CAGTGATTTT TTTCTCCATT 
TATCCATGTA ACTCGTTGAC TGACTTTACG GAGTTTTACA AGAAATGCTA CGGTAACCCT ATATAGTTGC CACCATATAC GTCACTAAM AAAGAGGTAA 

AalU 

3501 TTAGCTTCCTTAGCTCCTGA AAATCTCGAT AACTCA AAAA ATACGCCCGG TAGTG ATCTT ATTTCATTAT GGTGAA AGTT G GAACCTCAC CG3ACGTCTA 
AATCGAAGGA ATCGAGGACT TTTAGAGCTA TTGAGTTTTT TATGCGGGCC ATCACTAGAA TAAAGTAATA CCACTTTCAA CCTTGGAGTG GGCTGCA3AT 

M 13 rev] 00.0% 

3601 ATGTGAGTTA GCTCACTCAT TAGGCACCOC AGGCTTTACA CTTTATGCTT CCGGCTCGTA TGTTGTGTGG AATTGTGAGC GGATAACAAT TTCACACAGG 
TACACTCAAT CGAGTGAGTA ATCCGTGGGG TCCGAAATGT GAAAT ACGAA GGCCGAGCATACAACACACC TTAACACTCG CCTATCTTA AAGTGTGTCC 
M13 rev 100.0% 



3701 AAACAGCTAT GACCATGATT ACGAATTTCT AGTATACGAG GGCAAAAAAT GAAA AAACTG CTGTTCGCGA TTCCGCTGGT GGTGCCGTTC TATAG CCATA 

TTTGTCGATA CTGGTACTAA TGCTTAAAGA TCATATGCTC CCGTTTTTTA CTTTTTTGAC GACAAGCOCT AAGGCGACCA GCACGGCAAG ATATCGGTAT 
3801 GCGACTACTG CGACATCGAO TTTGCAGAAA CAGTTGAAAG TTGTTTAGCA AAACCCCATA CAGAAAATTC ATTTACTAAC GTCTGGAAAG ACGACAAAAC 

CGCTGATGAC GCTGTAGCTC AA/CGTCTTT GTCAACT7TC AACAAATCGT UTGG GGTAT GTCTTTTAAG TAAATGATTG CAGACCTTTC TGCTGTTTTG 
3901 TTTAGATCGT TACGCTAACT ATGAGGGCTG TCTGTGGAATGCTACAGGCG TTGTAGTTTG TACTGGTGAC GAAACTCAGT GTTACGGTAC ATGGGTTCCT 

AAATCTAGCA ATGCGVTTGA TACTCCCGAC AGACACCTTA CGATGTCCGC AACATCAAC ATGACCACTG CTTTGAGTCA CAATGCCATG TACCCAAGGA 
4001 ATTGGGCTTG CTATCCCTGA AAATGAGGGT GGTGGCTCTG AGGGTGGCGGTTCTG A GGGT GGCGGCTCTG AGGGTGGCGGTACTAAACCT CCTGAGTACG 

TA ACCCGA AC GATAGGGACT TTTACTCCCA CCACOGAGAC TCCCACCGOC AAGACTOCCA COGCCGAGAC TCCCACCGCCATGATTTGGA GGACTCATGC 
4101 GTGATACACC TATTCCGGGC TATACTTATA TCAACCCTCT CGACGGCACT TATCCGCCTG GTACTGAGCA AAACCCGGCT AATCCTA ATC CTTCICTTGA 

CACTATGTGG ATAAGGCCCG ATATGAATAT AGTTGGGAGA GCTGCCGTGA ATAGGCGGAC CATGACTCGT TTTGGGGCGA TTAGGATTAG GAAGAGAACT 
4201 GGAGTCTCAG CCTCTTAATA CTTTCATGTT TCAGAATAAT AGGTTCCGAA ATAGG CAGGG GGCATTAACT GTTTATACGG GCACTG7TAC TCAAGGCACT 

CCTCAGAGTC GGAG\ATTATGAAAGTACAAAGTCTTATTA TCCAAGGCTT TATCCGTCCC CCGTAATTGA CAAATATGCC CGTGACAATG AGTTCCGTGA 
4301 GACCOCG7TA AAACTTATTA CCAGTACACT CCTGTATCATCAAAAGCCAT GTATG A C0CT TACTGGAACG GTAAATTCA G AGACTGCGCT TTCCATTCTG 

CTGGGGCAAT TTTGAATAAT GGTCATGTGA GGACATAGTA GTTITCGGTA CATACTGCGA ATGACCTTGC CATTTAAGTC TCTGACGCGA AAGGTAAGAC 
4401 GCTTTAATGA GGATCCATTC GTTTGTGAAT ATCAA GGCCA ATCGTCTGAC CTGCCTCAAC CTCTGTCAA TGCTGGCGGC GGCTCTGGTG GTGGTTCTGG 

CGAAATTACT CCTAGGTAAGCAAACACTTA TAGTTCCGGT TAGCAGACTG GACGGAGTTG GAGGACAGTT ACGACCGCCG CCGAGACCAC CACCAAGACC 
4501 TGGCGGCTCT GAGGGTGGCG GCTCTGAGGG TGGCGGfTCT GAGGGTGGCG GCTCTOAGGG TGGC03TTCC GGTGGCGGCT CCGGTTCCGG TGATTTTGAT 

ACCGCCGAGA CTCCCACCGC CGAGACTCCC ACCGGCAAGA CTCCCACCGC CGAGACTCCC ACCGCCAAGG CCACCGCCGA GGCCAAGGCC ACTAAAACTA 
4601 TATGAAAAAA TGGCAAACGC TAATAAGGGG GCTATGACCG AAAATGCCGA TGAAAACGCG CTACAGTCTG ACGCTAAAGCEAAACTTGAT TCTGTCGCTA 

ATA CU 1111 ACCGTTTGCG ATTATTCCOC CGATACTGGC TTTTACGGCT ACTTTTGC'GC GATGTCAGAC TGCOATTTCCGTTTGAACTA AGACAGCGAT 
4701 CTGATTACGG TGCTGCTATCGATGGT1TCA TTGGTGACGT TTCCGGCCTT GCTAATGGTA ATGGTGCTACTGGTGATTTT GCTGGCTCTA ATTCCCAAAT 

GACTAATGCC ACG/CGATAG CTACCAAAGT AACCACTGCA AAGGCCGQAA CGATTACCAT TACCACGATG ACCACTAAAA CGACCGAGAT TAAGGGTTTA 
4801 GGCTCAAGTC GGTG/CGGTG ATAATTCACC TTTAATGAAT AATTTCCGTC AATATTTACC TTCTTTGCCT CAGTCGGTTG AATGTCGCCC TTATGTCTTT 

CCGAGTTCAG CCACTGCCAC TATTAAGTGG AAATTACTTA TTAAAGGCAG TTATAAATGG AAGAAACGGA GTCAGCCAAC TTA CAGCGGG AATACAGVAA 
4901 GGCGCTGGTA AACCATATGA ATTTTCTATT GATTGTGACA AAATAAACTT ATTCCGTGGT GTCTTTGCGT TTCTTTTATA TGTTGCCACC TTT AT GTATG 

CCGCGACCAT TTGGTATA CTTA AAA G ATAA CTAACACTGT TTTATTTGAA TAAGGCACCA CAGAAACGCA AAGAAAATAT ACAACGGTGG AAATACATAC 
XbaT 

Ann 



5001 



TATTTTCGAC GTTTGCTAAC ATACTGCGTA ATAAGGAGTC TTAAGTAAT 
ATAAAAGCTG CAAACGATTG TATGACGCAT TATTCCTCAG AATTCATTA 




Figure 3: Quantitative analysis of the mean display rate of Fab on phages by anti-gHIp Western blot: 
Fd-glllct/wtglllp: 1.25x10 s phage : 2xl0 7 phage = 6.25 

=> 1 Fd-glllct per 6.25 wtglQp = 1 Fd-glllct perl .25 phage (5 wtgTITp per phage) 
=> mean number of Fab per phage: 0J$ 




FIGURES - 4A and 4B 



Figure 4C is a Vector map for pMorphl3 scFv Mac 1-5 
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Figure 4D is the nucleic acid sequence encoding vector pMorph 13 scFv Mac 1-5 



tctagagcatgcgtaggagaaaataaaatgaaacaaagcac±attgcactggcactctta 

gccgactacaaagatgaagtgcaattgaaagaaagcggcccggccctggtgaaaccgacccaaaccctgaccctgacctgtacct 
tttccggatttagcctgtccacgtctggcgttggcgtgggctggattc^ 

tgattgggatgatgataagtattatagcaccagcctgaaaacgcgtctgaccattagcaaagatacttcgaaaaatcaggtggtgct 
gactatgaccaacatggacccggtggatacggccacctattattgcgcgc^ 

caaggcaccctggtgacggttagctcagcgggtggcggttctggcggcggtgggagcggtggcggtggttctggcggtggtggtt 

ccgatatcgtgctgacccagccgccttcagtgagtggcgcaccaggtcagcgtgtgaccatctcgtgtagcggcagcagcagcaac 

attggcagcaactatgtgagctggtaccagcagttgcccgggacggcgccgaaactgctgatttatgataacaaccagcgtccrt^ 

aggcgtgccggatcgttttagcggatccaaaagcggcaccagcgcgagccttgcgattacgggcctgcaaagcgaagacgaagc 

ggattattattgccagagctatgaccagaatgctcttgttgaggtgtttggcggcggcacgaagttaaccgttcttggcca 

gagcagaagctgatctctgaggaggatctgaactagggtggtggctrtggttccggtgattttgattatgaaaagatggcaaacgc 

taataagggggctatgaccgaaaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtcgctactgatt 

acggtgctgctatcgatggmcattggtgacgt^ccggccttgctaatggtaatggtgctactggtgat^ 

aaatggctc^agtcggtgacggtgataattcacctttaatgaataatttccgtcaatamaccttccctccctc^atcggttgaatgtc 

gcccttttgtctttggcgctggtaaaccatatgaattttctattgattg 

atgttgccacctttatgtatgtattttctecgtttgctaacatactgcgtaataaggagtcttgataa 

tggcgcagattgtgcgaca ttttttttg tctgccgtttaatgaaattgta 

atcagctcattttttaaccaataggccgaaatcggcaaaatcccttata 

cagtttggaacaagagtccactattaaagaacQtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcccact 

acgagaaccatcaccctaatcaagtttmggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagcccccg 

gagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggcgctggca 

agtgtagcggtcacgctgcgcgtaaccaccacacccgccgcgcttaatgcgccgctacagggcgcgtgctagccatgtgagcaaa 

aggccagc^aaaggccaggaaccgtaaaaaggccgcgttgctggcgttmccataggctccgcccccctgacgagcatcacaaa 

aatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgmccxcctggaagctccctcgtgcgctc 

tcctgttccgaccctgccgcttaccggatacctgtcc^ 

tctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagtccgaccgctgcgccttatccggtaac^ 
atcgtcttgagtccaacccggtaagacacgacMatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgta 
ggcggtgctacagagttcttgaagtggtggcrtaactacggctacactagaaga^ 
gttaccttcggaaaaagagttggtagctcttgatccggcaaacaaacracc^rtggtagcg 

attacgcgcagaaaaaaaggatctcaagaagatccmgatcttttrtacggggtctgacgctcagtggaacgaaaactcacgttaa 
gggattttggtcagatctagcaccaggcgtttaagggcaccaataactgccttaaaaaaatta^ 

gtectgttgtaattcattaagcattctgccgacatggaagccatcacaaacggcatgatgaacctgaatcgccagcggcatcagcac 

cttgtcgccttgcgtataatatttgcccatagtgaaaacgggggcgaagaagttgtccatattggctacgtttaa 

aaactcacccagggattggctgagacgaaaaacatattctcaataaaccctttaggga 

cacatcttgcgaatatatgtgtagaaactgccggaaatcgtcgtggtattractccagagcgatgaaaacgmcagmgctcatgg 
aaaacggtgtaacaagggtgaacactatcccatatcaccagctcaccgtcmcattgccatacggaactccgggtgagcattcatc 
aggcgggcaagaatgtgaataaaggcxggataaaacttgtgcttattmctttacggtctttaaaaa 

acggtctggttataggtac^ttgagcaactgactgaaatgcctcaaaatgttctttacgatgccattgggatatatcaacggtggtat 
atcxagtgatttttttctccattttagcttccttagotcctgaaaatctcgataactcaaaaaatacg 
tggtgaaagttggaacctcacccgacgtctaatgtgagttagrtcactcattaggcaccccaggctttacactttatgctt 
tatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccatgattacgaatt 
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Display determination of dicistronic scFv CysDisplay vectox (pMORPH20): 
pMORPH20_clgIII_Macl_LHC (VL lambda pool) 

1x10* IxlO 8 4x10? 2xl0 7 IxlO 7 8x10 s 
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Figs 5A & 5B 
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Figure 5 C: Vector map pMorph20 Macl-5 




Figure 5 D: DNA sequence pMorph20 Macl-5 



ctagataacgagggcaaaaaatgaaaaagacagctatcgcgattgcagtggcartggctggtttegctaccgt 

caggccgactartgcgatatc^agmgcagaaacagttgaaagttgtttagcaaaaccccatacagaaaatt 

ctaac^tctggaaagacgacaaaactttagatcgttacgctaa^ 

agtttgtactggtgacgaaactcagtgttacggtacatgggtlcctattgggctt 

gctctgagggtggcggttctgagggtggcggctcigagggtggcggtart^ 

ttccgggctatacttatatcaaccctctcgacggra 

txttgaggagtctcagcctci±aatartttcatgtttcagaataataggttccgaaa 
tacgggcac*gttac±caaggc3ctgaccccgttaaaacttatt^ 
acgcttactggaacggtaaattcagagactgcgctttcra^ 
gccaatcgtctgacctgcctcaacctcctgt^ 

ggcggctctgagggtggcggttctgagggtggcggclrtgagggtggcggttccggtggcggctccggtt^ 

ttttgattatgaaaaaatggcaaacgctBataagggggctatgaccgaaaatgocgatgaaaacgcgctacagtctg^ 

cgctaaaggc^aarttgattctgtcgctactgattacggtgclg 

aatggtaatggtgctactggtgattttgctggrtctaattcccaaatggctcaagtcggtgac^ 

atgaataamcrgtcaatatttaccttetttgc^ 

tgaattttctattgattgtgacaaaataaacttattc^ 

ttttogaogtttgdaacatactgcgtaataaggagtcttaaggcctgataagcatgcgtagga 

caaagcactettgcactggcartcttaccgttgctcttcacccctgtte 

gaaagaaagcggcccggccrtggtgaaaccgaccraaaccrtgac 

acgtrtggcgttggcgtgggctggattcgccagccgcetggga^ 

gatgataagtattatagcaccagccigaaaacgcgtctgaccattag 

actatgaccaacatggacccggtggatacggccacctattatt^ 

tggggccaaggcaccxtggtgacggttagctcagcgggtggcggttctggcggcggtgggagcggtggc^ 
tggcggtggtggttccgatatcgtgrtgacccagcrgcctt^ 

tgtagcggcagcagcagcaacattggcagcaactatgtgagrtggtaccagcagttgcccgggacggcgccgaaart 

gctgatttatgataacaaccagcgtccctcaggcgtgccggatcgttttagcggatc^ 

ccttgcgattacgggcctgcaaagcgaagacgaagcggattattattgccagagctatgaccagaatgrt 

gtgtttggcggcggcacgaagttaaccgttcttggccaggaattcccaggggggagcggaggcgc^ 

tcaccatcactgctgataagcttgacctgtgaagtgaaaaatggcg 

tgaaattgtaaacgttaatattttgttaaaattcgcgtta^ 

tcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttocagmggaacaagag 

attaaagaacgtggactccaacgtraaagggcgaaaaaccgtctateagggc^ 

cctaatcaagttttttggggtcgaggtgccgtaaagcactaaatcggaaocctaaagggag 

acggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggcgctggca 

agtgtogcggtcacgctgcgcgtaaccaccacacccgccgcgcttaatgcgccgctacag 

gagcaaaaggccagcaaaaggccaggaacc^taaaaaggccgcgttgctggcgtttttccataggctc^ 

gacgagcatjcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggaclataaagataccaggcg 

ccctggaagc±coi:cgtgcgctct<x^^ 

gtggcgctttctcatagrtcacgctgtaggta^ 

accccccgttcagtccgaccgctgcgccttatccggtaactetcgtcttgagtEcaacccgg 

cactggcagcagccactggtaaCTggattagcagagcgaggtatgtaggcggtgciacagagttc^ 

cctaactacggctacactagaagaacagtatttggtatctgcgctctgctgtegccag 

tagctcttgatcxggcaaacaaaccacrgctggtagcggtggtttttttgtttg 

aaaggatctcaagaagatcctttgatcttttctacggggtetgacgctcagtggaacg 

ggtcagatctagcacxaggcgtttaagggcaccaataactgcctta^ 

gtactgttgtaattcattaagcattctgccgacatggaagcra^ 

atcagcaccttgtcgccttgcgtataatatttgoccatagtgaaaacgggggcgaagaagttgta 

taaatcaaaactggtgaaactcaccc^gggattggctgagacgaaaaacatattctcaataaaccctte 

ggccaggtmcaccgtaacacgccacatcttgcgaa 

agagcgatgaaaacgtttcagmgctcatggaaaacggtgtaacaagggtgaacac^ 



gtctttcattgccatacggaactccgggtga 

gtgcttatttttctttacggtctttaaaaaggccgtaatatccagctgaacg 

ctgaaatgcrtcaaaatgttctttecgatgccatt^ 

cttccttagctcctgaaaatctcgataac±caaaaaate^ 

ctcacecgacgtctaatgtgagttagrtcactcatte^ 

tggaattgtgagcggataacaatttcacacaggaaacagctatgaccatgattacgaattt 



• 



Display determination of dicislronic Fab vector (pMOKPH18; conventional display): 
Figs 6A & 6B 

pMorphX8_Fab_Macl-5 (VH2 lambda 1) 




pMorphl8_Fab_Macl_A8 (VH3 kappal) 




Figure 6C: Vector map of pMORPH®18-Fab Macl-5 
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Figure 6 D: DNA sequence of pMORPH®18-Fab Macl-5 



tctagataacgagggcaaaaaatgaaaaagacagctatcgcgattgcagtggcactggctggtttcgctaccgtagcg 

caggccgatatcgtgctgaoccagccgccttcagtgagtggcgcaccaggtcagcgtgtgaccatctcgtgtagcggc 

agcagcagcaacattggcagcaactatgtgagctggtaccagcagttgcocgggacggcgccgaaactgctgatttat 

gataacaaccagcgtccctcaggcgtgccggatcgttttagcggatccaaaagcggcaccagcgcgagccttgcgatt 

acgggcctgcaaagcgaagacgaagcggattattattgccagagctatgaccagaatgctcttgttgaggtgtttggc 

ggcggcacgaagttaaccgttcttggccagccgaaagccgcaccgagtgtgacgctgtttccgccgagcagcgaagaa 

ttgcaggcgaacaaagcgaocctggtgtgcctgattagcgacttttatccgggagccgtgacagtggcctggaaggca 

gatagcagccccgtcaaggcgggagtggagaccaccacaocctccaaacaaagcaacaacaagtacgcggccagcagc 

tatctgagcctgacgcctgagcagtggaagtcccacagaagctacagctgccaggtcacgcatgaggggagcaccgtg 

gaaaaaaccgttgcgccgactgaggcctgataagcatgcgtaggagaaaataaaatgaaacaaagcactattgcactg 

gcactcttaccgttgctcttcacccctgttaccaaagcccaggtgcaattgaaagaaagoggcccggccctggtgaaa 

ccgacccaaaccctgaccctgacctgtaccttttccggatttagcctgtccacgtctggogttggcgtgggctggatt 

cgccagccgcctgggaaagocctcgagtggctggctctgattgattgggatgatgataagtattatagcaccagcctg 

aaaacgcgtctgaccattagcaaagatacttcgaaaaatcaggtggtgctgactatgaccaacatggacccggtggat 

acggccacctattattgcgcgcgttttgatcctttttttgattctttttttgattattggggccaaggcaccctggtg 

acggttagctcagcgtcgaocaaaggtccaagcgtgtttccgctggctccgagcagcaaaagcaccagcggcggcacg 

gctgccctgggctgcctggttaaagattatttcccggaaocagtcaccgtgagctggaacagcggggcgctgaccagc 

ggcgtgcatacctttecggcggtgctgcaaagcagcggcctgtatagcctgagcagcgttgtgaccgtgccgagcagc 

agcttaggcactcagacctatatttgcaacgtgaaccataaaccgagcaacaccaaagtggataaaaaagtggaaccg 

aaaagcgaattcgggggagggagcgggagcggtgattttgattatgaaaagatggcaaaogctaataagggggctatg 

accgaaaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtogctactgattacggtgcl: 

gctatcgatggtttcattggtgacgtttccggccttgctaatggtaatggtgctactggtgattttgctggctctaat 

tcccaaatggctcaagtcggtgacggtgataattcacctttaatgaataatttccgtcaatatttaccttccctccct 

caatcggttgaatgtcgcccttttgtctttggcgctggtaaaccatatgaattttctattgattgtgacaaaataaac 

ttattccgtggtgtctttgogtttcttttatatgttgccacctttatgtatgtattttctacgtttgctaacatactg 

cgtaataaggagtcttgataagcttgacctgtgaagtgaaaaatggcgcagattgtgcgacattttttttgtctgccg 

tttaatgaaattgtaaacgttaatattttgttaaaattcgcgttaaatttttgttaaatcagctcattttttaaccaa 

taggccgaaatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaac 

aagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcocactacga 

gaaccatcaccctaatcaagttttttggggtcgaggtgcogtaaagcactaaatcggaaccctaaagggagcccccga 

tttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggcg 

ctggcaagtgtagcggtcaogctgcgcgtaaccaccacaoccgccgcgcttaatgcgccgctacagggcgcgtgctag 

ccatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcc 

cccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgt 

ttccccctggaagctccctagtgcgctctcctgttccgaocctgccgcttaccggatacctgtccgcctttctccctt 

cgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggct 

gtgtgcacgaaccccccgttcagtccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaagac 

acgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttct 

tgaagtggtggcctaactacggctacactagaagaacagtatttggtatctgcgctctgctgtagccagt-taccttcg 

gaaaaagagttggtagctcttgatccggcaaacaaaccaocgctggtagcggtggtttttttgtttgcaagcagcaga 

ttacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaact 

cacgttaagggattttggtcagatctagcaccaggcgtttaagggcaccaataactgccttaaaaaaattacgccccg 

ccctgccactcatcgcagtactgttgtaattcattaagcattctgccgacatggaagccatcacaaacggcatgatga 

acctgaatcgccagcggcatcagcaccttgtcgccttgcgtataatatttgcccatagtgaaaacgggggcgaagaag 

ttgtccatattggctacgtttaaatcaaaactggtgaaactcacccagggattggctgagacgaaaaacatattctca 

ataaaccctttagggaaataggccaggttttcaccgtaacacgccacatcttgcgaatatatgtgtagaaactgccgg 

aaatcgtcgtggtattcactccagagcgatgaaaacgtttcagtttgctcatggaaaacggtgtaacaagggtgaaca 

ctatcccatatcaccagctcaccgtctttcattgccataoggaactccgggtgagcattcatcaggcgggcaagaatg 

tgaataaaggccggataaaacttgtgcttatttttctttacggtctttaaaaaggccgtaatatccagctgaacggtc 

tggttataggtacattgagcaactgactgaaatgcctcaaaatgttctttacgatgccattgggatatatcaacggtg 

gtatatccagtgatttttttctccattttagcttccttagctcctgaaaatctcgataactcaaaaaatacgcccggt 

agtgatcttatttcattatggtgaaagttggaacctcacccgacgtctaatgtgagttagctcactcattaggcaccc 

caggctttacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagc 

tatgaccatgattacgaatt 




Figs 7 A & 7B 

Display determination of dicistronic Fab CysDisplay vector- (pMOKPHXl 0 + pBR_CjgIII; 2- 
vector system): 

pMORPHX10_Macl_A8_VL_LHC_VH_FS + pBR_CLsIII (VH3 kappa 1) 




wtginp 



pMORPHX10_Macl-5JVL_LHC_VH_FS + pBR C gill (VH2 lambdal} 



M l.SxlO 10 lxlO 10 8x10* lxlO 9 ixlO 8 5x10* 3xlO* IxlG 7 SxlO 6 




wtglllp 



Figure 7C is the vector map for pMORPHXlO Fab Macl -5 VL LHC VH FS 
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Figure 7D is the nucleic acid sequence for for pMORPHXIO Fab Mac 1-5 VL LHC VH FS 
cagcagttgcccgggacggcgccgaaactgrtgatttatga 

caaaagcggcaccagcgcgagccttgcgattacgggcctgcaaagcgaagacgaagcggattattattgccagagctatgacca 
gaatgctrttgttgaggtgWggcggcggcacgaagttaaccgttcttggccagccgaaagccgcaccgagtgtgacgctg 
gccgagcagcgaagaattgcaggcgaacaaagcgaccctggtgtgcctgattagcgacttttatccgggagccgtgara 
tggaaggcagatagcagccccgtcaaggcgggagtggagaccaccacaccctccaaacaaagcaacaacaagtacgcggccag 
cagctatctgagcctgacgcctgagcagtggaagtcccacagaagciacagctgccaggtcacgcatgaggggagcaccgtgga 
aaaaaccgttgcgccgactgaggcctctccaggggggagcggaggcgcgccgcaccatcatcaccatcactgctgataatatgra 



caattgaaagaaagcggcccggccctggtgaaaccgacccaaaccctgacc^ 

tctggcgttggcgtgggctggattcgccagccgcctgggaaagccctcgagtggctggctctgattgattgggatgatgata 
tatagcaccagcctgaaaacgcgtctgaccattagcaaagatacttcgaaaaatcaggtggtgctgactatgaccaacatggaccc 

ggtggatacggccacctattattgcgcgcgttttgatccttttmgattcttt^ 



gcctggttaaagattamcccggaaccagtcaccgtgagctggaacagcggggcgctgaccagcggcgtgcataccttt 

gtgctgcaaagcagcggcctgtatagcctgagcagcgttgtgaccgtgccgagcagcagmaggcactcagacctatatttgcaa 

cgtgaaccataaaccgagcaacaccaaagtggataaaaaagtggaaccgaaaagcgaattcgactataaagatgacgatga^ 

aggcgcgccgtggagccacccgcagmgaaaaatgataagcttgacctgtgaagtgaaaaatggcgcagattgtgcgacattttt 

mgtctgccgmaattaaaggggggggggggccggcctgggggggggtgtacatgaaattgtaaacgttaatattttgttaaaat 

tcgcgtteaattmgtteaatcagctcatttt^ 

gatagggttgagtgttgttccagmggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtct 
atcagggcgatggcccartacgagaaccatcaccctaato 

aaagggagcccccgatttagagcitgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcg 
ggcgctagggcgctggcaagtgtogcggtcacgctgcgcgtaaccaccacacc^ 

gctagactagtgtttaaaccggaccgggggggggcttaagtgggctgcaaaacaaaacggcctcrtgtcaggaagccgct^ 

gggtagcctcactgcccgctttccagtcgggaaacctgtcgtgccagctgcatcagtgaatcggccaacgcgcggggagaggcgg 

tttgcgtattgggagccagggtggtttttctmcacragtgagacgggcaacagctgattgcccttcaccgcrt 

ttgcagcaagcggtccacgctggmgccccagcaggcgaaaatcctgmgatggtggtcagcggcgggatataacatgagctgt 

cctcggtatcgtcgtatccMctaccgagatgtccgcaccaacgcgcagcccggactcggtaatggcacgcattgcgcccagcgcc 

atctgatcgttggcaaccagratcgcagtgggaacgatgccctcattcagcamgcatggmgttgaaaaccggacatggcactcc 

agtcgccttcccgttccgctatcggrtgaatttgattgcgagtgagatatttatgccagccagccagacgcagacg 

aacttaatgggccagctaacagcgcgamgrtggtggccraatgcgaccagatgctccacgcccagtcgcgtaccgtcctcatg 

gagaaaataatactgttgatgggtgtctggtcagagacatcaagaaataacgccggaacattagtgcaggcagcttccacagcaa 

tagcatcctggtcatccagcggatagttaataatcagcccartga 

gacgccgcttcgttctacCTtcgacacgaccacgctggcacccagttgatcggcgcgagatttaatcgccgcgacaattt^ 
cgcgtgcagggccagactggaggtggcaacgccaatragcaacgactgMgcccgccagttgttgtgcracgcggttaggaa 

aattcagctccgcratcgccgcttccacttmccc^ 
ataagagacaccggcatactctgcgacatcgtataacgttactggTOcaca 



cc^cgttgctggcgtttttccataggctccgcccccctgacga 

acaggactataaagataccaggcgmccccctggaagctccctcgtgcgctctcxtgttccgac^ 
cgccmctcccttcgggaagcgtggcgcmctratagctcacgctgtaggtatrtcagttcggtgta^ 



atcgccartggcagcagcxttctggtaacaggattegcagagcgaggt 
aactacggctacactagaagaacagtatttggtatctgcgctct^^ 

ccggcaaacaaaccaccgctggtagcggtggtttltttgmgcaagcagcagattacgcgcagaaaaaaag 
cctttgatctmctacggggtctgacgctcagtggaacgaaaactcacgttaagggatmggtcagatcta 



ggaagccatcacaaacggcatgatgaacctgaatcgccagcggcatcagcaccttgtcgccttgcgtataatatttgcccatagtga 
aaacgggggcgaagaagttgtcxatattggctacgtttaaatcaaaactggjtgaaactcacccagggattggctgagacgaaaaa 
catattctcaataaaccctttagggaaataggccaggtttto 
aaatcgtcgtggtattcactccagagcgatgaaaac^tttcagm 

atcaccagctcaccgtcmcattgcxatacggaactccgggtgagrattcatcaggcgggcaagaatgtgaate^ 
aaacttgtgctU Ullli lLlacggtct^ 

aaatgcctcaaaatgttctttacgatgccattgggatatatcaacggtggtatatccagtgattttmcte 

ctgaaaatctcgataactcaaaaaatacgcccggtagtgatcttam^ 

gagttegctcactcattaggcaccccaggctttacactttetgcltccggctcgtatgtt^ 

aracaggaaacagctatgaccatgattacgaaWctagataacgagggcaaaaaatgaaaaagacagctatcgcgattgcagtg 




gcactggctggtttcgctaccgtagcgraggccgatatcgtgctgaccra^ 
gaccatctcgtgtagcggcagcagcagcaacattggcagcaactatgtgagctggtac 




Figure 7E is the vector map for pMORPHX 1 0 Fab Macl -5VLVH LHC 




Figure 7F is the nucleic acid sequence for pMORPHXIO Fab Macl-5 VL VH LHC 
gcgacatcgtataacgttactggtttcacattcaccaccctg 

gcgccattcgatgctagccatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccat 

aggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccag 

gcgtitccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcitaccggatacctgtccgccm 

gtggcgcmctcatagctcacgrtgtaggtatctcagttcggtgtaggtc^ 

tcagcccgaccgctgcgccttatccggtaactatcgtcttgagtcca 

ggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaa 

cagtatttggtatctgcgctctgrtgtagccagttaccttcggaaaaagagttggtag 

tagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatccmgatctm 

gacgctcagtggaacgaaaactcacgttaagggattttggtcagatctagcaccaggcgtto 

aaaattacgccccgccctgccactcatcgcagtactgttgtaattc^ 

atgaacctgaatcgccagcggcatcagcacmgtcgccttgcgtataatamgccxatagtgaaaacgggggcgaagaagttgtc 
catattggctacgtttaaatcaaaartggtgaaactcacccagggattggrt 

gaaataggccaggttttcaccgtaacacgcracatcttgcgaatatatgtgtagaaactgccggaaatcgtcgtggtattcactcca 

gagcgatgaaaacgtttcagtttgctcatggaaaacggtgtaacaagggtgaacactatcccatatcaccagctcaccgtrtttcatt 

gccatacggaactccgggtgagcattcatcaggcgggcaagaatgtgaataaaggccggataaaacttgtgcttalllLlclltacg 

gtctttaaaaaggccgtaatatccagctgaacggtctggttataggtacattgagca 

gatgccattgggatatatcaacggtggtatatccagtgattttmctccattttagcttcctte 

aaatacgcccggtagtgatcttamcattatggtgaaagttggaacctcacccgacgtctaatgtgagttagctcactcattaggcac 
cccaggctttacactttatgcttccggctcgtatgttgtgtggaattgtgagcgg 

tgat±acgaatttctagataacgagggcaaaaaatgaaaaagacagctatcgcgattgcagtggcactggctggtttcgctaccgt 
agcgcaggccgatatcgtgctgacccagccgccfctragtgagtggcgcacra^ 

gcagcaacattggcagcaactatgtgagctggteccagcagttgcccgggacggcgccgaaactgctgatttatgataaca 

gcgtccctcaggcgtgccggatcgttttagcggatccaaaagcggcaccagcgcgagccttgcgattacgggcctgcaaagcgaa 

gacgaagcggattattattgccagagctatgacragaatgctcttgttgaggtgttt^ 

cagccgaaagccgcaccgagtgtgacgctgtttccgccgagcagcgaagaattgcaggcgaacaaagcgaccctggtgtgcctg 

attagcgacttttatccgggagccgtgacagtggcctggaaggcagatagcagccccgtcaaggcgggagtggagaccaccaca 

ccctccaaacaaagcaacaacaagtacgcggccagcagctatctgagcctgacgcctgagcagtggaagtcccacagaagctaca 

gctgccaggtcacgcatgaggggagcaccgtggaaaaaaccgttgcgccgactgaggcctgataagcatgcgtaggagaaaata 

aaatgaaacaaagcactattgcactggcactrttaccgttgctrttraccxctgttaccaaagcccaggtgcaattgaaagaaa 

gcccggccrtggtgaaaccgacccaaaccctgaccctgacctgtacctmccggatttagcctgtccacg 

ctggattcgccagccgcctgggaaagccctcgagtggc*ggc±ctgattgattgggatgatgataagtattatagcaccag 

aacgcgtctgaccattagcaaagatacttcgaaaaatcaggtggtgctgactatgaccaacatggacccggtggatacggccacct 

attattgcgcgcgtmgatcctttttttgattcttttmgattattggggccaaggc^ 

aggtecaagcgtgtttccgctggctccgagragcaaaagcaccagcggcggcacggctgccctgggctgcctggttaaagattaU 

tcccggaaccagtcaccgtgagctggaacagcggggcgctgaccagcggcgtgcatacctttccggcggtgctgcaaagcagcgg 

cctgtatagcctgagcagcgttgtgaccgtgccgagcagcagcttaggcactcagacctatatttgcaacgtgaaccataaaccga 

gcaacaccaaagtggataaaaaagtggaaccgaaaagcgaattcccaggggggagcggaggcgcgccgcaccatcatcaccat 

C3rtgrtgataagcttgacc±gtgaagtgaaaaatggcgcagattgtgcgacattttt^ 

gggccggcctgggggggggtgtacatgaaattgtaaacgttaatattttgttaaaattcgcgttaaallUlgttaaatcagctcattt 

tttaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaac 

aagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgagaaccat 

caccctaatcaagttttttggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagcccccg^ 

ggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggcgctggcaagtgtagcggtc 

acgrtgcgcgtaaccaccacacccgccgcgcttaatgcgccgctacagggcgcgtgcte 

ggggcttaagtgggctgcaaaacaaaacggcctcctgtraggaagccgcttta^ 

aaacctgtcgtgccagctgcatcagtgaatcggccaacgcgcggggagaggcggtttgcgtattgggagccagggtgglLLllcllt 

tcaccagtgagacgggcaacagctgattgcccttcaccgcc±ggccctgagagagttgcagcaagcggtccacgctggtttgcccc 

agc»ggcgaaaatcctgmgatggtggtcagcggcgggatataacatgagctgtcrtcggtatcgtcgtatcccactaccgagatg 

tccgcaccaacgcgragcccggactcggtaatggracgcattgcgcccagcgccatctgatcgttggcaaccagcat^ 

aacgatgccctcattcagcamgcatggmgttgaaaaccggacatggcactccagtcgccttcccgttccgctatcggctgaattt 

gattgcgagtgagatatttatgccagccagccagacgcagacgcgccgagacagaarttaatgggccagctaacagcgcgatttg 

ctggtggcccaatgcgaccagatgctccacgcccagtcgcgtaccgtcctcatgggagaaaataatactgngatgggtgtctggtc 

agagacatcaagaaataacgccggaacattagtgcaggcagcttccacagcaatagcatcctggtcatccagcggatagttaata 

atcagcccactgacacgttgcgc^agaagattgtgcaccgccgrtttacaggcttcgacgccgm 

acgrtggcacccagttgatcggcgcgagatttaatcgccgcgacaatttgcgacggcgcgtgcagggccagactggaggtggcaa 



cgccaatcagcaacgactgtttgcccgccagttgttgtgccacgcggttaggaatgtaattra 
tcccgcgttttcgcagaaacgtggctggcctggttcaccacgcgggaaacggtctgataagagacaccggcatactct 



Figure 7G is the vector map for pBR-C-glll 




Figure 7H is the nucleic acid sequence for pBR-C-glll 

caagctgtgaccgtctccgggagctgcatgtgtcagaggtmcaccgtra^ 
atcagcgtggtcgtgaagcgattcacagatgtrtgcctgttcatccg^ 

ttctgataaagcgggccatgttaagggcggtttmcctgmggtcactgatgcctccgtgtaagggggamctgtt^ 

atgataccgatgaaacgagagaggatgctcacgatacgggttartgatgatgaacatgcccggttactggaacgttgtgagggta 

aacaactggcggtatggatgcggcgggaccagagaaaaatcactragggtcaatgccagcgcttcgttaatacagatgteggtgt 

tccacagggtagccagcagratcctgcgatgcagatccggaacataatggtgcagggcgctgacttccgcgtttccagact^ 

aaacacggaaaccgaagaccattcatgttgttgctcaggtcgcagacgtmgcagc^^ 

gtgattcattctgctaaccagtaaggcaaccccgccagcctagccgggtcrtcaacgacaggagcacgatcatgcgcacccgtgg 

caggacccaacgctgcccgagatgcgccgcgtgcggctgctggagatggcggacgcgatggatatgttctgccaagggttggttt 

gcgcattcacagttctccgcaagaattgattggrtccaattcttggagt 

gtcgaggtggcccggctccatgcaccgcgacgcaacgcggggaggcagacaaggtatagggcggcgcctacaatccatgccaac 

ccgttccatgtgctcgccgaggcggcataaatcgccgtgacgatcagcggtccagtgatcgaagttaggctggtaagagccgcga 

gcgatccttgaagctgtecctgatggtcgtcatctacctgcctggacagcatggcctgcaacgcgggcatcccgatgccgccggaa 

gcgagaagaatcataatggggaaggccatccagcctcgcgtcgcgaacgccagcaagacgtagcccagcgcgtcggccgccatg 

ccggcgataatggcctgcttctcgccgaaacgtttggtggcgggaccagtgacgaaggcttgagcgagggcgtgcaagattccga 

ataccgcaagcgacaggccgatcatcgtcgcgctccagcgaaagcggtcctcgccgaaaatgaccragagcgctgccggcacctg 

tcctacgagttgcatgataaagaagacagtcataagtgcggcgacgatagtcatgccccgcgcccaccggaaggagctgactggg 

ttgaaggctctcaagggcatcggtcgacgctctcccttatgcgactcctgcattaggaagcagcccagtagtaggttgaggcc^ 

agcaccgccgccgcaaggaatggtgcatgcaaggagatggcgcccaacagtcccccggccacggggcctgccaccatacccacg 

ccgaaacaagcgctcatgagcccgaagtggcgagcccgatcttccccatcggtgatgtcggcgatataggcgccagcaaccgcac 

ctgtggcgccggtgatgccggccacgatgcgtccggcgtagaggatccacaggacgggtgtggtcgccatgatcgcgtagtcgat 

agtggctccaagtagcgaagcgagcaggactgggcggcggccaaagcggtcggacagtgctccgagaacgggtgcgcatagaa 

attgcatcaacgcatatagcgctagcctgaggccagtttgctcaggctctccccgtggaggtaataattgctcgaccgataaa 

gcttcctgacaggaggccgttttgtmgcagcccacctcaacgcaattaatgtgagttagctcart^ 

actttatgcttccggrtcgtatgttgtgtggaattgtgagcggataaraam 

ctagataacgagggcaaaaaatgaaaaagacagctatcgcgattgcagtggcactggctggtttcgctaccgtagcgcaggccg 

ctactgcgatatcgaattcgcagaaacagttgaaagttgtttegcaaaaccccatacagaaaattcatttaciaacgt^ 

cgacaaaactttagatcgttacgrtaartatgagggctgtctgtggaatgctacaggcgttgtagmgtactggtgacgaaart 

tgttacggtacatgggttcctettgggcttgctotccctgaaaatgagggtggtggctctgagggtggcgg 

tctgagggtggcggtactaaacctcctgagtacggtgatacacctattccgggctatacttata^ 

gcctggtactgagcaaaaccccgctaatcctaatccttctcttgaggagtrtcagcctcttaatacttt 

ccgaaataggcagggggcattaactgtttatacgggcactgttactcaaggcactgac^ 

gtatratcaaaagccatgtatgacgcttactggaacggtaaattcagagactgcgctttccattctggctto 

ttgtgaatatcaaggccaatcgtctgacctgcctcaacctcctgtcaatgctggcggcggctctggtggtggttct^ 

gagggtggcggctrtgagggtggcggttctgagggtggcggctctgagggtggcggttccggtggcggctccggttccggtgatt 

ttgattatgaaaaaatggcaaacgctaataagggggctatgaccgaaaatgccgatgaaaacgcgctacagtctgacgctaaagg 

caaacttgattctgtcgctartgattacggtgctgctatcgatggWcatt^ 

tggtgattltgctggctrtaattcccaaatggctcaagtcggtgacggtgataattcacctttaatgaataattt 

tc^gcctcagtcggttgaatgtcgcccttatgtcttiggcgctggtaaaccatatgaatmctatt^ 

tccgtggtgtemgcgtttettttatatgtt 

gctotcgatgataagctgtcaaacatgagaattcttgaagacgaaagggcctcgtga 
taataatggtttrttegacgtcaggtggcacttttcggggaaatgtgc^cggaacccctatttgtto 
tgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaa 
ccttattccctttmgcggcatlttgccttcc tgUtltg rt^ 

tgcacgagtgggttacatcgaactggatrtcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatg 

cactmaaagttctgctatgtggcgcggtattatcccgtgttgacgccgggcaagagraactcggtcgcc^ 

aatgacttggttgagtactcaccagtracagaaaagratcttacggatggcatgara^ 

catgagtgataacactgcggc^aacttacttctgacaacgatcggaggaccgaaggagctaaccgctttm 

atcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgcagc 

aatggcaacaacgttgcgcaaartattaactggcgaactacttactctagrttcxcggcaacaattaatag 

ataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttattgctgataaatctggagcc^g 

cggtatcattgcagcactggggccagatggtaagccctcccgtatcgtagttatctecacgacggggagtcaggcaactatgg 

aacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatat^ 

tgatttaaaacttcatttttaatttaaaaggatrtaggtgaagatcctttttgataatctra^ 

ttcxactgagcgtcagaccccgtagaaaagatcaaaggatcttcttg 

aaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttcc^aaggtaart^ 
gataccaaatactgtccttctagtgtagccgtagttaggccaccacttCT 



tcctgttacragtggctgrtgccagtggcgataagtcgtgtrtteccgggtt^ 

ggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagct 
atgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacg 
agggagrttccagggggaaacgcctggtatctttatagtcctgtcgggttt^ 

gtraggggggcggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggcct^ 

mcctgcgttatcccctgattctgtggataaccgtattaccgccm 

gcagcgagtcagtgagcgaggaagcggaagagcgcctgatgcggtatmctccttacgra^ 

ggtgcactctcagtacaatctgctctgatgccgcatagttaagccagtata 

ccccgacacccgccaacacccgctgacgcgccctgacgggcttgtctgctcccggcatccgcttacaga 




Figs 8A & 8B 

Display determination of tricistronic Fab CysDispIay vector (pMOKPH23 or pMORPH24; one- 
vector system): 

pMORPH23_VH3_VK+A. (pool) 




PMORPH23_VH2_Vk+X (pool) 




Figure 9 
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